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MERCUKY. 


Uses and Storage. 

The aqueous solution (1 : 200) gives a yellow or brown 
coloui in so utions containing even traces of nitrates after 
acidifying with sul^dniric acid. A sharp reaction is also pro- 
duced in presence of aldehyde, and it is therefore employed^for 
Its detection in alcohol (see p. 10). •^‘ufnoyea lor 

On its employment as a test for hydrogen peroxide 

f c^. o.xygen, sec Cazcneuve, J.S.C.I., 1891, p. 796 

ihe salts of this compound have the disadvantage of beim? 

In^inuS o T' ahnospherc 

Tf a h mv" I’l “ tightly-stoppered bLles.’ 

I " coloured solution, animal charcoal mn«f 

T c magent may also be prepared by dissolving .5 gms. of the 
p Cbt nieta-phenylene-diarnine (melting at 63^) in dilute siil 

plninc .iciil until , uuitl reaction is observed and dibit 

.ng to 1 litre ivitl. water. It the solution is coCdi? is better' 
use aiiimal charcoal which lias been previously ignited 

r ir ,':ru“r,)rr.Tii7S'r 

J..S.C.I., 1887 , sot ; 1888^ ,0^ ‘’'"P*""" P™PvHie., 


Mercury. 

A ^imlld’’ met'd ^^On.rat. (Hg). At Wt., 199-80. 

A mpiKl metal, volatilising without le 

always showing a bright surface. 


iavjng a residue, and 


Tests for Impurities and Quantitative Estimation. 

havhi"re;iTl”"'’ ‘n" appearance after 

perfSlv ! r"f’ ? air and which volatilises 

Regardirm its in ^1^** ^ most analytical purposes. 

„ rph! h Quant. Anal., Vol. I., 

may be shown f other metals 

conmh • A miv? tost of the American Pharma- 

Ser aiid 1 A consisting of 5 ^ms. of the metal, 5 c.c. of 
vatcr, and 4 -a gms. sodium thiosulpliate are boiled together in 
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TRANSLATORS' PREFACE. 


T he necessity of obtaining the highest degree of purity in 
those reagents which arc most largely used in chemical 
analysis and research, demands a means of speedily recognising 
the impurities most often encountered. This means of recog- 
nition, together with much general information regarding the 
various reagents, is afforded in a very comprehensive form by 
Dr. Krauch’s valuable work, which we present for the first time 
in English, the translation being that of the third German 
edition. We have practically adhered to the general arrange- 
ment and treatment adopted by the author. 

We would particularly call the attention of the reader to the 
fact that, in most instances, reference has been made to English 
abstracts from the original communications. We have also 
endeavoured to enhance the value of the book by substituting 
for the numerous references to German text books on chemical 
analysis the corresponding English works. 

We have to acknowledge the valuable aid given by the author 
himself in supplying us with additions and corrections, the result 
of his experience since the third German edition was published. 

The Latin titles of the reagents are those of the Pharma- 
copoeia Germanica and have been retained, as they may be of 
service for the recognition of certain chemicals in price lists. 

In conducting the various tests, the author emphasises rigid 
adherence to the degree of concentration, the amount of reagent 
used and the manner in which the test is to be carried out. 
Temperatures are, in all cases, given in degrees Centigrade, 
finally, our thanks are due to those friends who have assisted 
us in revising the proofs of this translation. 


London, October, 1902 . 




Acetic Acid, 

Acid, acetic, cone, puriss. (C 2 H 4 O 2 ). Mol. Wt., 59‘86. 
Clear, colourless liquid, with a sour pungent smell, solidifying 
about 10°C. Sp. gr. r064, containing about 96 per cent, acetic 
acid. 

Note. — A weaker acid (about 90 per cent.) shows a sp. gr. of 1'071. 

Tests for Impurities. 

Residue— On volatilisation of 10 gms. of the acid, no weigh- 
able residue must remain. 

Note. — When larger quantities of the pure strong acid are volati- 
lised, traces of a partially combustible organic residue remain; 
there ought not, however, to be more than one milligram of residue 
in 50 c.c. 

*Heav\j Metals and Earths —On diluting 10 gms. to 100 c.c., 
adding excess of ammonia, and subsequently ammonium sul- 
phide and ammonium oxalate, no change should take place even 
after standing for some time, and slightly warming. On dilut- 
ing 20 gms. to 100 c.c. and adding freshly prepared HaS water, 
no brown colour should appear. 

Sulphuric Act’d .— 10 gms. in 100 c.c. of water are heated to 
boiling , and barium chloride added ; after standing for several 
hours no reaction should take place. 

Hydrochloric Acid, — On treating 5 gms. in 50 c.c. of water 
with nitric acid and silver nitrate, no cloudiness should appear. 

Empyreumatic Suhstances.— On di>M\ng 50 c.c perman- 
ganate solution to 5 gms. of the acid diluted with 15 c.c. water, 
the pink colour should remain after standing 15 minutes. 

Quantitative Estimation. 

A few grams are diluted with water, phenolphthalein added, 
and the acid titrated with normal alkali (free from carbonate). 
1 c.c. normal alkali =0*05986 gms. C 2 H 40 a. The purity of the 

*In this and other parts of the work, the author has used for the 
sake of brevity the term “ heavy metals.” The metals indicated are 
at once recognised from the description of the test {e.g., addition of 
ammonium sulphide), thus saving elaborate detail. 
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ACETIC ACID. 


acid may be gauged from the temperature at which it assumes 
the glacial state, the stronger the acid the higher the tempera- 
ture at which it solidifies. An acid containing 0*5 per cent, of 
water becomes glacial at 15'65°, with 2'91 per cent, at 
and with 6*54 per cent, at 7*1°. When the acid contains 49*4 
per cent, of water, the solidifying point is reduced to -19*8°. 
The specific gravity affords an easy means of ascertaining the 
strength. 


Spkcific Gravity of Acetic Acid at 15° (Oudemans). 


sp. gr. 

Per cent, 

Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

Percent. 

0*9992 

0 

1*0863 

26 

1*0631 

52 

1*0748 

78 

1*0007 

1 

1*0375 

27 

1*0638 

63 

1*0748 

79 

1*0022 

2 

1*0388 

28 

1*0646 

54 

1*0748 

80 

1*0087 

3 

1*0400 

29 

1*0653 

1 65 

1*0747 

81 

1*0052 

4 

1*0412 

30 

1*0660 

66 

1*0746 

82 

1*0067 

5 

1*0424 

31 

1*0666 

57 

1*0744 

83 

1*0083 

6 

1*0436 

32 

1*0673 

68 

1*0742 

84 

1*0098 

7 

1*0447 

38 

1*0679 

59 

1*0789 

85 

1*0118 

8 

1*0459 

34 

1*0685 

60 

1*0736 

86 

1*0127 

9 

1*0470 

85 

1*0691 

61 

1*0731 

87 

1*0142 

10 

1*0481 

36 

1*0697 

62 

1*0726 

88 

1*0157 

11 

1*0492 

37 

1*0702 

63 

1*0720 

89 

1*0171 

12 

1*0502 

88 

1.0707 

64 

1*0713 

90 

1*0185 

18 

1*0513 

1 39 

1*0712 

65 

1*0705 

91 

1*0200 

14 

1*0523 

40 

1*0717 

66 

1*0696 

92 

1*0214 

15 

1*0533 

I 41 

1*0721 

67 

1*0686 

93 

1*0228 

16 

1*0543 

42 

1*0725 

68 

1*0674 

94 

1*0242 

17 

1*0552 

43 

1*0729 

69 

1*0660 

95 

1*0256 

18 

1*0562 

44 

1*0733 

70 

1*0644 

96 

1*0270 

19 

1*0571 

45 

1*0737 

71 

1*0625 

! 97 

1*0284 

20 

1*0580 

46 

1*0740 

72 

1*0604 

98 

1*0298 

21 

1*0589 

47 

1.0742 

73 

1*0580 

99 

1*0311 

22 

1*0598 

48 

1*0744 

74 

1*0553 

100 

1*0324 

28 

1*0607 

49 

1*0746 

75 



1*0337 

24 

1*0615 

50 

1*0747 

76 



1*0350 

25 

1*0623 

51 

1*0748 

77 




Note. — The specific gravities above 1*0553 in each case represent 
two liquids of very different strength. In order to ascertain whether 
the acid exceeds the maximum density (78 per cent.) or the reserve, 
it suffices to add a little water ; in the case of a stronger acid the 
specific gravity increases, and decreases if the acid is weaker. 

Um 5 and Storage. 

For analytical purposes acetic acid is chiefly used as a solvent 
and neutralising agent. For use as a reagent the puriss. con- 
centrated acid is diluted with three times its weight of water. 
For some purposes the strong acid is used— e.gf., Goldenberg’s 
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method for the estimation of tartaric acid (J.S.C.I., 1888, 
p. 349) and Adamkiewicz’s test for albumen (J.C.S., 1875, pp. 
172, 919). It is advisable to use a glacial acetic acid of known 
strength in making up the dilute acid (IJ per cent., or even 
less) employed in microscopy. The acid must be kept in well- 
stoppered glass bottles, and as the glacial acid solidifies in the 
winter time if kept in a cold room, in order to avoid accident it 
is necessary to thaw it very carefully, particularly if stored in 
large bottles. 


Commercial Varieties. 

In addition to the above acid, generally used for analytical 
work, the following kinds of acetic acid are placed on the 
market : — (I) Glacial acetic acid, a very concentrated acid 
(about 99 per cent.), dissolving oil of lemons in all proportions, 
and standing all the tests for purity, with the exception of that 
for empyreumatic substances ; it is stronger than the puriss. (2) 
Glacial acetic acid, a less concentrated acid, dissolving oil of 
cloves. 

Note. — The solubility of certain essential oils in acetic acid pre- 
sents a rough method of determining the strength. Oil of lemons 
only dissolves in an acid containing not more than 2 per cent, of 
water ; oil of cloves will dissolve in acids containing up to 10 per cent. 

Acid acetic, pure (1‘06), acid acetic, puriss. (1*06), acid 
acetic, dilut., pure (1*04), and acid acetic, dilut., puriss. (1*04), 
contain respectively 50 per cent. (1*06) and 30 per cent. (1*04) 
of the strong acid ; those marked puriss. stand all the tests pre- 
scribed , but the pure acids generally contain traces of empyreu- 
matic substances. 


Acetic Anhydride. 

Acid, acetic, anhydric. ((CaHaOaO). Mol. Wt., 101*76. 

Colourless liquid, boiling at 138^, and smelling of acetic acid. 
Sp. gr., 1*0799 at 15*2". . 

When acetic anhydride is poured into water it at first sinks 
to the bottom of the vessel, and then slowly combines with the 
water to form acetic acid. It must be carefully preserved in 
well-stoppered vessels. The solution (1 : 50) must give no 
reaction on adding nitric acid and silver nitrate, and its strength 
is estimated volumetrically with normal alkali. 1 c.c. normal 
alkali =0*05088 gm. acetic anhydride. It is not often used in 
analysis, but is employed, inter alia, in the estimation of lano- 
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line (B. Fischer, die neueren Arzneimittel, 1889, p. 79), and in 
the acetine method for the estimation of glycerine (Sutton, Vol. 
Anal., 7th Ed., p. 365). 

Hirschsohn, in determining the essential oils of the conifers, 
employed a so-called acetic acid reagent consisting of 10 gms. 
acetic anhydride and 5 drops pure concentrated sulphuric acid 
(Pharm. Ztg., 1891, p. 725). 

Acetone. 

Acetonum puriss. (CgHeO). Mol. Wt., 57*87. 

A clear, colourless, mobile liquid, having a smell resembling 
peppermint. Sp. gr., 0*797—0*798; B.p., 56°— 57“. 

Tests for Impurities. 

Volatile Matter.— SO gms. must leave no residue on evapora- 
tion. 

Solubility and General Appearance.— rmc acetone is per- 
fectly clear and colourless, and miscible with water in all 
proportions, without showing any turbidity. 

Action of Permanganate.— On the addition of one drop of 
potassium permanganate solution (1 : 1000) to 10 c.c. of the 
acetone, the pink colour must not be completely discharged at 
the end of 15 minutes. This test serves to detect the presence 
of aldehyde. An acetone which contains 0*5 per cent, by 
volume of aldehyde discharges the colour in five minutes, and 
0*25 in 10 minutes. Free mineral acid must not be present. 

IFflter.— Schweitzer and Lungwitz (Chem.-Ztg., 1895, p. 
1384; J.S.C.I., 1895, p. 1069) detect the presence of water in 
acetone by adding to 50 c.c. of the sample 50 c.c. of petroleum 
spirit (b.p. 40°— 60°). In the event of water being present, two 
layers are formed, which does not occur when pure acetone is 
similarly treated. It is a remarkable fact that if 2 c.c. of water 
are added to 50 c.c. of chemically pure acetone, instead of the 
lower layer occupying a volume of 2 c.c. it is observed to occupy 
5 to 7 c.c. Pure acetone must, therefore, show no alteration on 
shaking with petroleum spirit. 

Boiling Point (see above).— Concerning the estimation of the 
b.p. and sp. gr. of acetone see Geehmugden, Zeit. f. anal. 
Chem., 1896, pp. 603, 504 ; also J.C.S., 1896, pt. 2, p. 679. 

Note. — It is a well-known fact that in boiling-point determinations 
varying results are obtained depending on the material and nature 
of the vessels employed for that purpose. To obtain concordant re- 
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suits the author always uses a small copper still, as suggested by 
Bannow in his Report on the Commission on Analytical Methods for 
Fractional Distillation, published in the Chemische Industrie, 1886, 
pag§ 328. 

Acidity.— Acetone must not redden blue litmus paper. 

Quantitative Estimation. 

Kramer’s iodoform method may be employed (conversion into 
iodoform by means of excess of iodine solution, in presence of a 
solution of sodium carbonate). On the quantitative estimation 
of acetone, see also under “ Methyl Alcohol.” A new method 
of estimation of acetone with phenylhydrazine has been pro- 
posed by Strache, and is said to be better than the iodoform 
method (Zeit. f. anal. Chem., 1892, p. 573, et sea., and J.S.C.I., 
1893, p. 185). 

Note. — The above tests are mentioned in part by Guttmann 
(Dingler’s Polytechn. Journal, 1894, pp. 96 — 111) as being chiefly 
used in the manufacture of smokeless powders, where a specially 
pure acetone is demanded. Concerning this test, see Klar., J.S.C.I., 
1897, p. 722, et seq. 

Uses and Storage. 

Acetone is sometimes used as a solvent in chemical investiga- 
tions. It should be kept in well-stoppered bottles in a cool 
place, as it is easily inflammable. 

Commercial Varieties. 

In addition to pure acetone, the quality used for technical 
purposes (manufacture of smokeless powders) can also be 
obtained in a very pure state in the market. Guttmann, loc* 
cit., found it to have a sp. gr. of 0'7965, and 98 per cent, dis- 
tilled over between 56' 2° and 56*4^. Good commercial quali- 
ties showed a permanganate test of several minutes, and he 
found the acidity of those samples which were perfectly soluble 
to be not higher than 0'00225 per cent. (See Klar. , loc. cit.) 

Alcohol, Amyl. 

Alcohol amylic. pur. Amyl alcohol (C 5 H 12 O). Mol. Wt., 
87 81, B.p. , 131— -132° ; Sp. gr. , 0.814. Clear, colourless liquid, 
without action on litmus paper. 

Note. Crude amyl alcohol, or fusel oil, is easily distinguished 
from the pure by reason of its having a very difierent specific gravity 
and boiling point. r & j 
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TesU for Impurities. 

Volatile Matter,— On evaporating 10 gms. on the water bath 
no residue must remain. 

Fiirfurol . — 5 c.c. amyl alcohol, mixed with 5 c.c. concen- 
trated sulphuric acid, must show only a slight yellow or reddish 
colour. 

Boiling Point, etc.— See above. 

Note. — The ordinary commercial samples of amyl alcohol are 
coloured brown to blackish-brown by sulphuric acid. Amylic alcohol, 
which gives a colourless liquid on mixing witli sulphuric acid, can 
only be obtained according to L. v. Udraiizky (see that author on the 
furfurol reaction, J.S.C.I., 1889, p. 309) by repeated and trouble- 
some treatment of the commercial preparation with concentrated 
sulphuric acid, etc. Perfectly pure aiiiyl alcohol can only be obtained 
by the decomposition of pure potassium amyl sulphate. For most 
analytical purposes, a carefully-rectified preparation, with the correct 
boiling point and specific gravity, and conforming with the above 
tests, is quite good enough, but there are certain processes in which 
it is necessary to have a preparation giving no furfurol reaction. 

• 

Quantitative Estimation. 

Estimation of the boiling point is sufficient. 

Uses. 

Amyl alcohol is used in forensic analysis for the extraction of 
alkaloids, and is also employed in the analysis of foods arid 
drugs. See also H. Droop Eichmond’s “Dairy Chemistry” 
regarding its use in milk testing. 

Commercial Varieties. 

Fusel oils of different degrees of purity are found on the 
market. Ordinary commercial fusel oils often contain only 30 
per cent, of pure amyl alcohol. The Chemiker-Zeitung, 1889, 
p. 1062, reports a commercial sample containing pyridine. 
(See also J.S.C.I., 1889, p. 734.) 

Alcohol, Ethyl. 

Alcohol absolut. pur. (CaHgO). Mol. Wt., 45'90. Clear, 
colourless liquid. The sp. gr. at IS'S"" is 0*796, equal to 99*6 
per cent, by weight of alcohol. Alcohol mixes with water with- 
out producing any turbidity, and does not affect litmus paper. 
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It must be free from smell, other than that peculiar to alcohol. 
B.p. of the 100 per cent, alcohol, 78'4°C. 

Note. — On the sp. gr. of pure alcohol and its mixtures with water, 
see a^aper by Squibb (Zeit. f, anal. Chem., 1887, p. 94; also alcohol 
tables ill Allen's Comm. Organ. Anal., Vol. I., p. 95, et seq.). Accord- 
ing to that author, the present tigures for the specific gravity are 
supposed to be too high. It has been pointed out by him that the 
last traces of water are very difficult to eliminate. Alcohol is 
exceedingly hygroscopic. 

Pictet assumes that alcohol piiriss. purified by crystallisation, is 
perfectly pure and contains 100 per cent. 

Tests for Impurities. 

Residue. —bO gms. must leave no residue on slow evapora- 
tion. 

Odour, Colour, etc. (Fusel Oil).— 10c. c. of alcohol are mixed 
with 30 c.c. of water (good spring water is to be preferred) in a 
slightly conical glass flask, and this mixture is tested at once for 
smell, taste, colour, and transparency. It must not show any 
colour, and no smell other than that peculiar to ethyl alcohol, 
and must have only a slightly burning taste (neutral). 

Note. — An important part of the examination for the purity of 
an alcohol is the test regarding its odour. The method of testing as 
mentioned above, is very satisfactory (see rei)ort of the annual meet- 
ing of the Association of Swiss Analytical Chemists, in Chem.-Ztg., 
1893, No. 84). It is very easy in that way for those with some 
experience to distinguish between inferior and good alcohol. Many 
technical men test for fusel oil by rubbing a few drops between the 
hands. It may be remarked here that tlie strength of the so-called 
fusel oil smell is not dependent on the quantity of the fusel oil 
present, but on the presence of certain odorous parts of the same. 

For quantitative estimation of fusel oil, Rose’s method (described 
inter alia , in Bockmann, Chem.-techn. Untersuchungsmethoden, 
Springer, Berlin, 1893 ; J.S.C.I., 1886, pp. 393, 498), is the best 
and the most generally adopted, and is used with various modifica- 
tions. For the quantitative estimation of small traces of fusel oil in 
rectified spirit and absolute alcohol by Rose’s separation method the 
modifications introduced by Glasenapp may be advantageously em- 
ployed. The method is fully descril)ed in Zeit. f. angew. Chem., 1895, 
No. 22, p. 657, et neq., and J.S.C.I., 1896, p. 140. The presence of 
a large quantity of fusel oil in commercial spirits of wine can be 
detected at once by the turbidity formed on diluting with water. 
Moreover, if, on dilution with a large quantity of water, drops should 
separate out, it must be observed, according to Borntrager (J.S.C.I., 
1889, p. 64), whether a smell of acrolein (acetal) is evolved on addi- 
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tion of an equal quantity of concentrated sulphuric acid and caustic 
potash solution, and if, on adding 3 drops of concentrated hydro- 
chloric acid and 10 drops of colourless aniline oil, a fine raspberry 
colour appears (amyl alcohol). 

Aldehyde, etc. — (a) 10 c.c. of alcohol are put into a small test 
tube, and 0‘5 c.c. of water, and 1 c.c. of a freshly-prepared 10 
per cent, aqueous solution of mcta-phenylene-diamine hydro- 
chloride are added. After one hour’s standing there should be 
scarcely any coloration. (See also note.) 

(b) 10 c.c. of absolute alcohol are mixed with 1 c.c. of water, 
and 5 drops of silver nitrate solution added ; this solution must 
become neither turbid nor coloured on heating. 

Note. — The test with meta-phenylene-di amine hydrochloride has 
been proposed by Windisch, and is also used in the Swiss Excise 
Department as an important test for impurities peculiar to the first 
runnings of the distillation, and for acetaldehyde (J.S.C.I., 1887, 
p. 388). The test is based on the fact that meta-plienylenc-diamine 
hydrochloride immediately colours an alcoholic solution containing 
aldehyde yellow to yellowish-red; then a fine greenish fluorescence 
appears, which slowly darkens. On comparing the colour reaction 
so produced with the reactions of solutions containing known quanti- 
ties of aldehyde the test can be made approximately a quantitative 
one. The spirits to be tested are made up at the above-mentioned 
Excise laboratory to 95 per cent, by volume, and it is required, for 
example, that the rectified spirit contain not more than 0*1 part 
by volume of aldehyde per 1,000 of alcohol. On long standing even 
pure absolute alcohol shows a yellow colour, in consequence of forma- 
tion of aldehyde by oxidation with the air. The meta-phenylene- 
diamine used for testing must be pure (see “ Meta-phenylene- 
diamine ”). 

The test with silver nitrate solution is required by the German 
Pharmacopoeia. Aldehyde must also be tested for by means of am- 
moniacal silver solution; or with ammoniacal potassium perman- 
ganate solution (see Zeit. f. anal. Chem., 1891, p. 208, and Deutsche 
Medicinische Wochenschrift, 1893, p. 941); further, by means of the 
fuchsine reaction of Gayon (J.S.C.I., 1888, p. 238; also Allen’s Comm. 
Organ. Anal., Vol. L, p. 159), or with Nessler’s reagent. Caustic 
potash is also used as a test for aldehyde, a yellow colour being pro- 
duced. It must also be remarked that spirits which have been stored 
in casks made of wood, containing tannin, show a colour with caustic 
potash. For the production of an alcohol free from aldehyde see 
Paul, Zeit. f. anal. Chem., 1896, p, 648. 

Foreign Organic Impurities in General.*— On mixing 10 c.c. 
of absolute alcohol with 1 c.c. of water and 1 c.c. of potassium 
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permanganate solution, the red liquid must not become yellow 
before 20 minutes have elapsed. 

Noie. — It must be remarked regarding this test, that a partial re- 
duction of the permanganate takes place after 20 minutes, even with 
tlie purest alcohol. 

Cazeneuve (J.S.C.I., 1889, p. 924) observed even after five minutes 
a somewhat yellowish-pink coloration. Since the year 1882 he has 
taken for comparison chemically pure alcohol of 93^ and a potassium 
permanganate solution of 1 in 1,000; 10 c.c. of the pure alcohol 
require, according to Cazeneuve, five minutes at the ordinary tem- 
perature to give a rather yellowish-pink colour with 1 c.c. of the 
permanganate solution, which shows that the reduction is not quite 
complete. If an alcohol of 93^ shows a quicker reduction, this 
points unmistakably to the presence of impurities. The Pharm. Ztg. 
(1889, p. 481) points out that the test with permanganate not only 
shows the presence of fusel oils, but of every trace of organic matter 
which originates with tlie barrels and cork bungs, and is unavoidably 
present in every alcohol. A slight reduction therefore gives no 
occasion for rejection. 

Lang (Annual meeting of the Association of Swiss Analytical 
Chemists, Chem.-Ztg., 1893, No. 84) obtained the following results 
with the permanganate test. The action of the permanganate test 
is dependent on the temperature and strength of the spirits, on the 
more or loss complete elimination of the first runnings (these first 
runnings have the strongest action on tlie permanganate), on the 
time of storing, on the material of the storage vessels (samples of 
spirit which have been stored for some time in wooden barrels must 
be distilled before testing with permanganate), on the action of sun- 
light and various other factors. It is necessary to use caution, and 
only the following general conclusions can be drawn : inferior spirits 
show a short oxidation test with permanganate, and the better the 
sample the longer the duration of the test. 

Besides the test with permanganate there is also the sulphuric acid 
test : On mixing with equal parts of sulphuric acid, no yellow colora- 
tion must take place — tliis is used to detect fusel oils, aldehydes, and 
other organic compounds ; but according to Glasenapp (J.S.C.I., 1895, 
p. 174), the test is useless for estimating the quality of spirits. 
Spirits which show no brown colour with sulphuric acid may, under 
some circumstances, contain more fusel oil than others ‘turning 
brown. The best quantitative test for fu.sel oils is, as already re- 
marked, Rose’s separation method, as modified by Glasenapp (see 
page 11). This method detects even infinitesimal quantities of fusel 
oils in the best rectified spirits. 

Free Acid.— The alcohol must not affect litmus paper. 
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Note. — Scliweissinger (Rep. d. Chem.“Zeit., 1887, p. 174) observes 
that traces of free acid exist in alcohol. According to him 0’4 c.c. 

soda solution were required to neutralise the free acid in 100 
c.c. of a good alcohol. Notwithstanding this, good alcohol m^st not 
afiect litmus paper. For the estimation of free acid in the Swiss 
Excise Department (Chem.-Ztg., 1893, No. 84) 50 c.c. were titrated 
with soda solution, using phenolphthalein as indicator. In 1,070 
analyses it was found that, in order to neutralise the acid in 100 c.c. 
of alcohol the maximum of soda solution used was 3‘2 c.c. and 
the minimum 0*5 c.c. 

Furjurol—To 10 c.c. of alcohol 10 drops of aniline oil and 2 
or 3 drops of hydrochloric acid are added ; in presence of fur- 
furol a more or less pinkish-red colour is produced. 

Water.~ln most cases, it is sufficient to estimate the amount 
of water by the specific gravity. To detect very slight traces of 
water, Leon Crismer’s method (J.C.S., 1884, A., p. 1073) is 
the one generally accepted, and consists in adding a small quan- 
tity of the alcohol to a saturated alcoholic solution of liquid 
paraffin. In the presence of a small trace of water the liquid 
turns turbid at once. 

Quantitative Estimation. 

The quantitative estimation of alcohol is done with the alco- 
holometer, according to the “ Treatise on the Estimation of 
Alcohol Percentages,” as adopted by the German Customs 
(pubL, Springer, Berlin, 1889), or by estimating the sp. gr. by 
means of Mohr’s balance, and ascertaining the percentage of 
alcohol equivalent to the sp. gr., according to the following 
tables. 

If an accurate estimation of the percentage from the sp. 
gr. is necessary, so that a tenth per cent, has to be taken into 
account, reference may be made to Hehner’s tables, whieh are 
given, inter alia, in ^luspratt’s ” Handbuch der technischen 
Chemie,” 4th Ed., Vol. I., p. 642. It must be remarked here 
that, according to the article hy Squibb (see above), the present 
figures for the sp. gr. of alcohol jire not absolutely correct. 
As a proof of this assertion, Squibb mentions that, in the 
manufacture of alcohol on a large scale, by means of very slow 
filtration through quicklime in the cold, a product of a lower 
specific gravity is obtained than that mentioned by any other 
record on the subject. For the quantitative reactions for the 
estimation of ethyl alcohol, see Klar, Pharm. Ztg. , 1896, p. 629. 
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Specific Gravity and percentage by volume of Alcoholic solutions 
at 15-56° Water = 0*9991 (Tralles). 


Per cent, 
of Alcor j 1 
by vol. 

Sp. Gr. 

Per cent, 
of Alcohol 
by voi. 

Sp. Or. 

Percent, 
of Alcohol 
by vol. 

Sp. Gr. 

Percent, 
of Alcohol 
hy vol. 

Sp. Gr. 

1 

0-9971 


0-9689 

61 

0-9816 

76 

0-8789 

2 

0-9961 


0-9679 

62 

0-9295 

77 

0-8712 

3 

0-9947 



63 

0-9275 

■a 

0-8686 

4 

0-9983 


0-9657 

64 

0-9254 

mm 

0*8668 

5 

0-9919 


0-9646 

65 

0-9234 

80 

0*8681 

6 

0-9906 


0-9684 

66 

0-9218 

81 

0-8608 

7 

0-9893 


0-9622 

67 

0-9192 

82 

0-8675 

8 

0-9881 




0-9170 

88 

0-8547 

9 

0-9869 


0-9696 


0-9148 

84 

0*8618 

10 

0-9857 

35 

0-9583 

60 

0-9126 

85 

0-8488 

11 

0.9845 

86 

0-9570 

61 

0-9104 

86 

0*8468 

12 

0-9884 

87 

0-9559 

62 

0-9082 

87 

0-8428 

13 

0-9828 

88 

0-9541 

68 

0-9069 

88 

0-8897 

14 

0-9812 

39 

0-9526 

64 

0-9086 

89 

0*8865 

15 

0-9802 

40 

0-9510 

65 

0-9018 

90 

0*8882 

16 

0-9791 

41 

0-9494 

66 

0-8989 

91 

0-8299 

17 

0.9781 

42 

0-9478 

67 

0.8965 

92 

0-8266 

18 

0-9771 

48 

0-9461 

68 

0-8941 

98 

0-8280 

19 

0-9761 

44 

0-9444 

69 

0-8917 

94 

0-8194 

20 

0-9751 

45 

0-9427 

70 

0-8892 

96 

0-8167 

21 

0-9741 

46 

0-9409 

71 

0-8867 

96 

0*8118 

22 

0-9781 

47 

0-9891 

72 

0-8842 

97 

0-8077 

23 

0-9720 

48 

0-9378 

78 

0-8817 

98 

0*8084 

24 

0-9710 

49 

0-9354 

74 

0-8791 

99 

0*7988 

25 

0-9700 

50 

0-9385 

76 

0-8765 

100 

0-7989 


The per cent, by weight can be found from the per cent, by 
volume by dividing the sp. gr. of absolute alcohol (according to 
Gay-Ijiissac this gives 0‘7949, and Tralles 0-7939) by the sp. gr, 
of the alcohol to be tested, and multiplying the quotient by the 
per cent, by volume of the latter. 


UAes and Storage. 

Alcohol is used as a solvent, and also for a great variety of pur- 
poses in chemical analysis. For some purposes alcohol must be 
perfectly free from water, as, for example, in the estimation of 
boracic acid by Morse and Burton’s method. They used an 
absolute alcohol, which was freshly distilled over quicklime, and 
then digested for two or three days with dehydrated copper sul- 
phate (J.S.C.I., 1888, p. 525). In connection with alcohol for 
forensic chemical analysis, Otto (Anleitung zur Ausmittelung 
P- Brunswick) points out that the ordinary 
ethyl alcohol of commerce, distilled over quicklime, always con- 
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tains smail quantities of substances of the nature of alkaloids, 
and that it must, therefore, before being used for the determina- 
tion of the latter, be purified once or twice by addition of a little 
tartaric acid, which retains the bases. » 

According to Walter, impure alcohol can be purified for 
laboratory purposes in the following manner : — 

To the alcohol is added as much potassium permanganate 
solution as is sufficient to produce a lasting red coloration. The 
mixture is allowed to stand for a few hours, so that the man- 
ganese oxide which may have formed can settle, and the liquid 
is then filtered. A little calcium carbonate is added to the fil- 
trate, which is then distilled so slowly that not more than 
about 50 c.c. pass over in 20 minutes. The distillate must be 
tested from time to time, and as soon as 10 c.c. show no signs 
of yellow coloration after boiling with alcoholic potash, and 
allowing to stand for half an hour, the remainder of the distillate 
may be regarded as [)ure alcohol. Alcohol must be kept in a 
cool place in well-stoppcrcd bottles. 

Commercial Varieties. 

Two kinds of absolute alcohol are generally quoted in the 
price lists, of which one is supposed to be about 99 per cent. , and 
the other from 97 to 98 per cent. For impurities see notes 
above. 

The rectified spirit of commerce of about 93 per cent, is tested 
like absolute alcohol, and is not to he confused with raw spirits. 
This rectified spirit, comparatively a very pure alcohol, is manu- 
factured in large refineries from the raw spirit made in dis- 
tilleries, whereby aldehydes, ketones, and fusel oils are obtained 
as by-products. Technically, distinction is to be made between 
prima spirits and seciinda spirits, and among these, again, very 
good, good, and fairly good spirit. The pure varieties stand the 
above-mentioned practical and other tests, but the less pure 
varieties differ more or less according to their degree of purity. 
They show, in particular, the coloration with rneta-phenylene- 
diamine hydrochloride very quickly, and have a disagreeable 
fusel oil smell. Only comparative tests can be used here with 
advantage. Good rectified spirit should only show a maximum 
amount of 01 part by volume per 1000 of aldehyde. See above 
notes under “ Tests for Aldehyde.” The quantitative estima- 
tion of fusel oil, according to Glasenapp ^see note, page 11), is 
also important for the valuation of rectified spirits. 
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The raw spirits* of commerce show a very varying amount of 
fusel oil, according to the substances from which they were 
obtained and according as the alcoholic fermentation is more or 
less pure. Several samples of raw spirits which the author has 
tested reduced permanganate solution after a few minutes, and 
immediately gave a colour with the meta-phenylene-diamine 
test described under “ Tests for Aldehyde ” ; they also gave a 
yellow colour on mixing with equal parts of sulphuric acid. 

Lastly, commercial methylated spirit may be mentioned, 
which, according to Iteinhardt (J.S.C.I. , 1888, p. 869), is often 
found to have a very acid reaction, caused by the presence of 
pyroligneous acid. Bad spirit of this descrijjtion ruins brass 
lamps and platinum crucibles, and is therefore not fit to be 
used for laboratory purposes. 

Alcohol, Methyl. 

Alcohol methylic. puriss. (CH4O). Mol. Wt., 31*93. Clear^ 
colourless liquid, giving no reaction with litmus paper. B.p., 
65". Sp. gr., 0*796. 

Tests for Impurities. 

V olatility .—On evaporating 30 gms. no residue must remain. 

Acetone.— 10 c.c. of caustic soda solution, with a few drops of 
iodine solution, are added to 1 c.c. of the alcohol ; no turbidity 
should appear. Quantitative estimation of acetone, see p. 18. 

Caustic Soda Test. —The solution must remain colourless 
after addition of an indefinite quantity of the soda solution. 

Sulidiuric Acid Test.— 2 c.c. are gradually mixed with 2 c.c. 
of concentrated sulphuric acid ; only a slight yellowish colour, if 
any, should appear. 

Note. — Ordinary methyl alcohol often contains acetone, methyl 
acetate, methyl acetal, aldehyde, propione and allyl alcohol. 

The author lately came across a sample marked “puriss.” which 
indicated the presence of a considerable quantity of acetone by the 
iodoform reaction. Ordinary methyl alcohol shows a decided brown 
colour with sulphuric acid. On the presence of ethyl alcohol, see 
Chem.-Ztg., 1896, p, 1015'. 

Boiling Point.— The distillation is conducted in a metallic 
vessel (see Acetone, p. 8), and 99 per cent, of the alcohol should 

*On the testing of commercial spirits and the products of spirit 
manufacture, see “ Alfen’s Comm. Organ. Anal.,” Vol. 1, p. 143. 

B 



18 


ALCOHOL, METHYL. 


distil over within 1°C. See also under “ Commercial Varie- 
ties,” 

Quantitative Estimation. 

According to G. Kramer and Grodizki, the methyl alcohol 
present in commercial samples is estimated as methyl iodide, 
and the method is fully described in Allen’s Comm. Organ. 
Anal., Vol. I., p. 73. 

Note. — Kramer has evolved a method for the quantitative esti- 
mation of acetone from a reaction which was first described by 
Lieben ; in this method the methyl alcohol is shaken up with soda and 
iodine solution in a measuring cylinder, and the iodoform obtained 
extracted with ether (free from alcohol). A certain quantity of the 
ethereal solution is evaporated on a tared watch glass, and weighed, 
the acetone is then calculated from the iodoform obtained (Berr. d. d. 
chem. Ges., XIII., 1000). Ilintz (J.S.C.I., 1888, p. 459) concludes 
that this method may be satisfactorily employed where such quanti- 
ties as may be present in methyl alcohol used by coal tar manufac- 
turers (from 0‘2 to 0’3 per cent.) are concerned, but when a higher 
percentage of the impurity is present inaccurate results are obtained. 
He therefore recommends diluting with water when the quantity 
reaches 5 per cent., till, in the portion taken for analysis, the acetone 
amounts to from 1 to 1*5 per cent. lie advocates the same precau- 
tion in the estimation of commercial acetone, Joe. cit. Messinger 
produced later the following volumetric method (J.C.S.I., 1889, p. 
138) : — 20 c.c. or, if the sample contains a considerable quantity of 
acetone, 30 c.c. of normal potash solution, accurately measured, are 
added to 1 or 2 c.c. of the sample. With pure samples 10 to 15 c.c. 
of the alcohol may be taken. The mixture is then well shaken in a 
stoppered bottle, and 20 to 30 c.c. of ^ iodine added from a burette, 
and again shaken from 15 to 30 seconds until the solution is clear; 
the same number of c.c. of hydrochloric acid (sp. gr. l'02r)) as there, 
is potash solution present is now added, then sodium thiosulphate 
in excess with some starch indicator, and the solution titrated back 
with J iodine. One equivalent of acetone (58) requires six equiva- 
lents of iodine (762) to form iodoform, hence 1 c.c. equals 0‘07612 
gm. iodoform. 

For the detection of acetone by phenyl hydrazine, see Strache, 

J.S.C.I., 1893, p. 185. 


U5es and Storage. 

The alcohol is used for the detection of salicylic acid (Curt- 
man, J.C.S., 1887, A., p. 185), and further for the estimation 
of boracic acid by Gooch’s method (J.S.C.I., 1887, p. 385). It 
is also employed for the preparation of pure grape sugar, and 
must be kept in a cellar in well-stopperett glass bottles. 
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Commercial Varieties. 

The methyl alcohol, which contains a small quantity of 
acetone, is used in the coal tar colour industry, and a crude 
form^, containing about 90 per cent., can also be obtained. A 
number of German spirit manufacturers have adopted the fol- 
lowing guarantee for the quality of the better samples : — 

(1) Tralles’ hydrometer must not show less than 99 per cent, 
by volume (07995 sp. gr.). 

(2) The acetone must not exceed 07 per cent, by Kramer’s 
method. 

(3) At least 95 per cent, must distil over within 1“C. 

(4) On admixture with double its volume of 66 per cent, sul- 
phuric acid only a slight yellowish colour must appear. 

(5) 5 c.c. must not at once discharge the colour of 1 c.c. 
permanganate solution, containing 1 gm. per litre. 

(6) 25 c.c. , when treated with 1 c.c. bromine solution (1 in 80 
of 50 per cent, acetic acid), must retain the yellow colour pro- 
duced. 

(7) The methyl alcohol must remain colourless after in- 
definite additions of concentrated caustic soda solution. Con- 
cerning the testing of the commercial varieties, see (particu- 
larly) Klar, Chem. Tnd., 1897, No. 10, p. 218, and J.S.C.L, 
1897, p. 722. 

Aluminium. 

Aluminium (Al). At. Wt. 27 ‘04. 

Silvery metal, evolving hydrogen copiously with dilute caustic 
soda solution, and also with dilute hydrochloric acid. 

Aluminium powder is of a light greyish colour. 

Note. — Dilute or concentrated sulphuric acid and nitric acid 
quickly attack and dissolve the pure (about 99 per cent.) aluminium 
of commerce, according to the investigations of G. A. Le Koy (Bull. 
Soc. ind. de Rouen, 1891, 19, 232; abst. J.S.C.I., 1892, pp. 166, 918). 

Tests for Impurities. 

See “ Quantitative Estimation.” Aluminium must contain 
about 99 per cent, of the metal. 

Note. — Tests for arsenic, sulphur and phosphorus : — The hydro- 
gen evolved on treating the metal with pure dilute caustic soda solu- 
tion must not produce a yellow or a black spot on silver nitrate 
paper ; the hydrogen evolved on using hydrochloric acid must behave 
likewise. (Fliickiger, Arch. d. Pharm., 1889, p. 17). 
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Witli regard to the method of employing this test for arsenic, etc., 
according to Gutzeit and Fllickiger, see ‘‘ Hydrochloric acid, pure; 
note on arsenic " ; and also the afore-mentioned paper by Fliickiger. 
For the detection of arsenic it would be necessary to employ 
aluminium which stands the test, but it must be remarked that 
Fliickiger (Arch. d. Pharm., 1889, p. 17) could not find a ’single pre- 
paration in the market which was perfectly free from arsenic, sul- 
phur, and phosphorus. 


Quantitative Estimation. 

In analytical laboratories aluminium is chiefly used in the 
form of filings for nitric acid estimations. The end to be 
achieved is to find out the amount by weight of hydrogen which 
a weighed quantity of the aluminium powder evolves on dis- 
solving in potash solution. The quantity of evolved hydrogen 
corresponds to the quantity of dissolved aluminium. The latter 
can be estimated as a check in the alkaline solution, where it 
exists as potassium aluminate. If this solution is acidified with 
acetic acid, any zinc dissolved out by the acid solution is easily 
detected by means of hydrogen sulphide. Particles of iron, 
which may be present, can be extracted by means of a magnet 
from the aluminium powder. The method formerly proposed 
by Klemp for testing aluminium is not accurate, according to 
Hampe (Chem.-Ztg., 1890, No. 97), and also Pegensbiirger 
(Zeit. f. angew. Chem., 1891, p. 360; abst. J.S.C.I., 1891, p. 
387). 

In his paper on the estimation of aluminium Hoc. cit.) the 
latter emphasises the point that an impure aluminium can be 
recognised from various external properties it possesses. The 
purer the metal the tougher it is, and the further it can be cut 
into without breaking. The cutting so produced has, in the 
purest qualities, a stringy appearance, with a silky lustre, which 
becomes more granular and coarsely crystalline according to the 
amount of iron and silicon present. The principal impurities 
encountered are, according to Regensburger, iron and silicon 
(see also further remarks and under “ Commercial Varieties ”), 
and he recommends the following process for analysis 

(1) Silicon : According to the quality of the metal, 2 to 4 
gms. of the filings are covered, in a roomy platinum capsule, 
with 13 to 25 gms. pure potash and about 25 c.c. of warm water, 
and the mixture left standing with the platinum lid on till the 
first strong reaction has somewhat subsided. In order to com- 
plete solution, slight heat is then applied, the cover is rinsed 
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with hydrochloric acid and the solution neutralised, stirring all 
the time. It is then evaporated to dryness with constant stir- 
ring on an asbestos bath. The ignited and weighed precipitate 
is tested with hydrofluoric acid. 

(2) Iron : To 8 gms. of the filings, in a 500 c.c. flask, are 
added 50 c.c. of 40 per cent, potash solution ; towards the end 
heat is applied to hasten solution ; then , with continued shaking, 
200 c.c. of pure dilute sulphuric acid of about ITfi s|). gr. are 
added, and the solution boiled until clear. After cooling for 
a short time the contents of the flask can be titrated with per- 
manganate, as all the iron is present in the ferrous state. 

(8) Aluminium : 2 gms. filings are dissolved in |)otash solu- 
tion (12 gms. potash, but a less concentrated solution than that 
taken at (1)), the solution made up to 200 c.c., and 50 c.c. of 
the clear solution boiled with about 20 gms. ammonium nitrate, 
then filtered, washed thoroughly, ignited, and weighed. The 
precipitate is then finely powdered, and, after being again 
ignited and cooled, an aliquot part is well boiled with water for 
the estimation of any alkali which may have been precipitated ; 
another portion is fus(Hl in a roomy platinum crucible with 
dehydrated potassium bisulphate. In the latter operation the 
precipitated silicic acid remains undissolved on taking up the 
fused mixture with water, so that its amount can be estimated, 
and taken into account in dealing with the whole precipitate. 

(4). Qualitative testing for other metals can be done in the 
acid filtrate from the silicic acid (1), or in the alkaline solution 
from (3). 

On the estimation of silicon in aluminium, and the estima- 
tion of aluminium and its alloys in general, a detailed article by 
F . Eegensburger is also given in Zeit. f . angew. Chem. , 1891 , p. 
442; (abst. J.S.C.I., 1801, p., 1033). 

For more recent communications of a valuable nature on the 
analytical examination of commercial aluminium, see a paper 
by Moissan, Chem.-Ztg., 1896, p. 6; J.S.C.I., 1896, p. 136. 

Uses, 

Aluminium is used for nitric acid estimations, and has also 
been recommended for the production of hydrogen in testing 
for arsenic. On the estimation of nitrogen in nitrates by the 
aluminium process, see Stutzer, J.C.S., 1891, A., p. 617. 

Aluminium in the form of chips is of special advantage as a 
reducing agent in alkaline or hydrochloric acid solution ; these 
aluminium chips can be had at a low figure in the market, and 
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contain about 99 per cent, metal. On the analysis of 
aluminium, and the use of the metal as a reducing agent, sec 
Frank, J.S.C.L , 1898, p. G12. On the use of aluminium in the 
synthesis of aromatic hydrocarbons, see Radziewanowski, 
J.C.S., 1895, A., p. 412. On aluminium amalgam employed 
as a neutral reducing agent, in presence of water, sec eJ.S.C.L, 
1895, p. 898, an article by Wislicenus and Kaufinann, They 
also give there the preparation of aluminium amalgam. 

Commercial Varieties. 

Aluminiuin can be ol)tained in the market in the form of 
powder, ingot,- wire, and foil. Some commercial aluminium re- 
sists the action of soda solution to such an extent that it cannot 
be used for analytical purposes (see A. Btutzer, J.CkS., 1891, 
A.,p. 017). 

Pure metal manufactured by electrolysis is said to be less 
active than metal obtained by the old process, which latter 
often contains much alkali or silicic acid. 

Aluspratt’s Technisch(‘ Chemie ” quotes analyses which 
show a percentage of from 88 to 97 of pure aluminium in com- 
mercial samples. (The dilTerence according to these analyses 
consists chiefly of iron and silicon.) 

Aluminium for analytical purposes must give a copious evolu- 
tion of hydrogen with soda or potash solution, and must be as 
free as possible from arsenic, sulphur, and phospho.rus. 

The following kinds are to be obtained in the market : — 

(1) Pure aluminium (98 to 99*75 percent.). 

(2) Aluminium (92 to 98 per cent.). 

G. A. Le Roy (J.S.C.L, 1892, p. 166) found in a recent in- 
vestigation of four samples of aluminium the following com- 
position : — 



A1 

1A‘ 

Si 

A 

98*28 

1*60 

0*12 

R 

98*45 

1 *30 

0*25 

C 

99*60 

0*30 

0*10 

14 

99*47 

0*40 

0*13 


According to Moissan (J.S.C.L, 1894, p. 1199), commercial 
aluminium contains iron, silicon, traces of carbon, nitrogen, and 
alumina. Sometimes, in addition, carbide of boron crystals, 
and copper. 

Moissan has also found (J.S.C.L, 1896, p. 204) that commer- 
cial aluminium often contains 0*1 to 0*3 pet* cent, sodium. On 
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boiling these aliiminiimi chips with water, and allowing to 
stand, solution of the former ensues. The durability of articles 
made of aluminium is thus very considerably lessened by the 
presence of sodium and the homogeneity of the aluminium is 
often disturbed by foreign admixed particles, such as coal, etc. 

analysis of a sample of aluminium from Pittsburg, 
Moissan found the following : — 

Per cent. 


Aluminium 

Iron 

Silicon ... 
Copper ... 
Sodium ... 
Carbon ... 
Nitrogen 
Titanium 
Sulphur 


98-82 

•27 

•15 

•30 

•15 

•41 

traces 

traces 


Ammonium Carbonate. 

Ammonium carbonicum puriss. : carbonate of ammonia 
(C0,(NH4). f- 2 (C 03 HNH,)). Mol. Wt., 253-59. 

White, hard crystalline lumps. 

Tests for Impurities* 

Volatile Matter. —o grns. must leave no weighable residue on 
ignition in a platinum crucible. 

Sulphuric Acid . — 5 gms. are dissolved in 200 c.c. of water, 
hydrochloric acid added in slight excess, the liquid heated to 
boiling, and barium chloride added. No change should take 
place even Jifter several hours. 

Halo(jcns.~~‘2 gms. are dissolved in 50 c.c. of water, acidified 
with nitric acid, and nitrate of silver added ; no change should 
take place. 

Heavij Metals . — The solution (1 : 20), acidified with acetic 
acid, should not be changed by hydrogen sulphide solution. 

Note. — A preparation containing iodine and hyposulphite (white, 
or blackish turbidity on adding nitrate of silver) is often met with. 
The Pharin. Germ. (II.) prescribes a test for iodine, by adding a 
little chlorine water, acidifying, and shaking up with chloroform. 
Commercial ammonium carbonate containing zinc has also been 
met with. 
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The test for aniline and similar substances is made by evaporating 
1 gm. of ammonium carbonate with nitric acid on the water bath : 
the residue must be white, not yellow. 

Quantitative Estimation. 

Estimation of residue, and the other tests given above are 
sufficient for proving purity. 

In order to test the composition of ammonium carbonate the 
ammonia is estimated with normal acid, and the carbonic acid 
by precipitation with barium chloride and ammonia, and then 
the washed barium carbonate estimated alkalimetrically with 
normal hydrochloric acid and normal alkali solution. 

For details of this method, see Sutton’s Vol. Anal., 7th Ed., 
p. 72. ‘ 

Uses and Storage. 

Carbonate of ammonia is used in the laboratory for precipitat- 
ing barium, strontium, and calcium, and separating them from 
magnesium, and for the separation of arsenic sulphide and 
antimony sulphide. It must be stored in well-stoppered glass 
bottles. 

Commercial Varieties. 

A reddish ammonium carbonate is sometimes found in the 
market, which preparation must not be used for analytical pur- 
poses. According to Hager, the quality found in the German 
trade is generally pure. The ammonium carbonate manufac- 
tured in English factories not uncommonly contains iodine. 
The commercial salt consists chiefly of sesquicarbonate of 
ammonia, and in contact with air it quickly loses the normal 
carbonate, and is converted into bicarbonate of ammonia, a 
white powdery substance. It is therefore necessary to keep the 
substance in well-stoppered glass vessels. 

Hager remarks that stoneware or clay vessels cannot be used 
for storing it. 

L. L. de Koninck reports as follows on the composition of com- 
mercial ammonium carbonate (Monit. scient., 1894, 4 series, 8, 
420 ; Eep. d. Chem. -Ztg., 1894, p. 175) :--He dissolved several 
samples in hydrochloric acid, and titrated the excess of the latter 
with potash solution, using diazoresorcin as indicator. His 
results caused him to conclude that two different commercial 
products existed. (See also Zeit. f. anal. Chem., 1895, p. 598, 
and Partheil, Pharm. Ztg., 1896, p. 650.) ‘ 
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Ammonium Chloride. 

Chloride of ammonium (NH4CI). Mol. Wt., 53’38. White, 
hard lumps, or white, colourless and odourless powdery crystals, 
easily soluble in water. The aqueous solution (1 : 20) must be 
clear and neutral. 

Note. — Even the purest commercial varieties give an acid reaction 
with litmus in aqueous solution of above proportions. 

Tests for Impurities. 

Residue.— S gms. must leave no weighable residue on slow 
volatilisation in a porcelain crucible. 

Phosphoric Acid (also arsenic acid ). — 0 gms. of the salt are 
dissolved in about 30 c.c. of water ; the clear solution is mixed 
with several c.c. of ammonia and magnesia mixture (see under 
“ Magnesium Chloride ”) ; no precipitate must form even after 
several hours’ standing. 

Heavy Metals and Earths.— The aqueous solution (1:20) 
must show no reaction with hydrogen sulphide, ammonia, am- 
monium sulphide, or ammonium oxalate. 

Note. — The preparation always contains minute traces of iron, 
and up to tlie present time tlie autlior has not been able to find a 
sample which gave absolutely no reaction with hydrogen sulphide. 

Sulphuric Acid.— The solution (1 : 20) must give no precipi- 
tate with barium chloride, even after several hours’ standing. 

Sulphocy ankles. —1 gm. is dissolved in 10 c.c. of water, and 
some hydrochloric acid and iron chloride added ; no red colora- 
tion must take place. 

Aniline Derivatives.— 1 gm, of the salt evaporated to dryness 
on the water bath with a little nitric acid, must give a white, 
and not a yellow or reddish, residue. 

Quantitative Estimation. 

The estimation of ammonia can be done in all ammonium 
salts by liberating the ammonia with caustic potash solution, 
passing the gas into an excess of standard acid and titrating 
back. For a detailed account of this method, see such works 
on analytical chemistry as Fresenius, “ Quantitative Analysis,” 
7th Ed., Vol. L, p. 178; and Sutton, ” Volumetric Analysis,” 
7th Ed., p. 75. The acid in ammonia salts can also be esti- 
mated according to w'ell-known methods. 
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Uses. 

Ammonium chloride is used for the precipitation of platinum, 
and in analytical work it is chiefly used to retain certain oxides 
in solution ; for example, protoxide of manganese, magnesia, or 
such salts as calcium tartrate, when other oxides or salts are 
precipitated with ammonia or other reagents. It is further 
employed for the preparation of magnesia mixture in the esti- 
mation of phosphoric acid (see “ Magnesium Chloride ”), and 
is also well recommended by Reinitzer as a standard for the 
estimation of acids, alkalies, and chlorine (Analyst, 1894, p. 
257). For these purposes a very pure preparation may be 
obtained, according to Reinitzer, by neutralising pure hydro- 
chloric acid with ammonium hydrate {loc, cit.). 

Commercial Varieties. 

Ammonium chloride is found in the market in the shape of 
lumps, and as a crystalline powder. Both kinds are obtainable 
in very different degrees of purity and appearance. The appear- 
ance of the less pure varieties is grey or yellowish grey, and 
they generally contain a large quantity of sulphates, alkalies, 
earths, and iron. Sulphocyanides are sometimes found in the 
salt, and chloride of lead has been detected in commercial 
samples. Only the purest kind should be used for analytical 
purposes. 

Ammonium Fluoride. 

Ammonium fluoratum puriss. : fluoride of ammonium 
(NH4F). Mol. Wt., 36’95. White crystals, easily soluble in 
water, generally showing an acid reaction in consequence of 
containing the bifluoride. 

Tests for Impurities. 

See under “ Hydrofluoric Acid.” 

Note. — In a preparation bought as puriss., I have found nearly 
0'5 per cent, of lead, and traces of residue (2 to 3 ingms. on volatili- 
sation of 10 gms.) are nearly always found, and can scarcely be 
avoided. Nevertheless, a preparation free from lead can certainly 
be demanded. 

Quantitative Estimation. 

The ammonia is determined as given under “Ammonium 
Chloride . ’ ’ For estimation of hydrofluoric acid and ammonium 
fluoride the salt is dissolved in water, sodium carbonate added 
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in excess, and the whole ignited in a platinum dish till the am- 
monia is expelled ; to the clear boiling solution a solution of 
calcium chloride is added so long as a precipitate forms ; after 
settling, the precipitate, consisting of calcium fluoride and cal- 
cium carbonate, is washed, dried, and ignited in a platinum 
crucible j water is poured over the mass, and a slight excess of 
acetic acid added. It is then evaporated to dryness, and heated 
in a water bath till all smell of acetic acid has gone. The 
residue, consisting of calcium fluoride and calcium acetate, is 
heated with water, and the calcium fluoride filtered off, washed, 
dried, ignited, and weighed. If the ammonium fluoride con- 
tains sulphuric acid, the calcium fluoride obtained during 
analysis must be tested quantitatively for sulphuric acid. To 
effect this the precipitate is dissolved in hydrochloric acid, the 
sulphuric acid precipitated with barium chloride (the solution 
being previously diluted with water), and the barium sulphate 
filtered off, ignited, and weighed. From the weight of the 
•latter the quantity of calcium sulphate contained in the calcium 
fluoride precipitate is calculated, and the quantity so found 
deducted from the weight of the latter. The presence of nitric 
or hydrochloric acids in the aqueous solution of the ammonium 
fluoride does not interfere with this estimation. 

On the quantitative estimation of silicic acid, fluorine, sul- 
phuric acid, chlorine, water, etc., see “ Sodium Fluoride.” 

U5es and Storage. 

As under ” Hydrofluoric Acid.” Ammonium fluoride is kept 
in vulcanite bottles. 

Commercial Varieties. 

Commercial ammonium fluoride, generally containing sul- 
phuriq acid, is found in the market. The pure preparation, as 
already mentioned above, is brought into the market in*rather 
an impure state from the various factories. 

Ammonium Hydrate. 

Liquor Ammon, caustic, pur. (NHg + aq.). Mol. Wt., NH 3 , 
17’01. Clear, colourless liquid; sp. gr., 0’925, containing 20 
per cent. NH 3 . 

Tests for Impurities. 

Chlorides (and pyridine).— 10 c.c. diluted with about 30 c.c. 
of water must remain colourless on acidifying with nitric acid. 
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and the liquid must show no change on addition of nitrate of 
silver. 

Empyreumatic Substances (tar products, pyridine).— On 
diluting 10 c.c. of ammonia solution with about 30 c.c. of 
water, and neutralising with dilute sulphuric acid, the liquid 
must remain odourless. 

Note. — Ost recommends the following procedure in testing for 
empyreumatic substances ; — 20 c.c. of the ammonia solution are 
diluted in a beaker with two or three times their bulk of water, one 
drop of methyl orange is added, then dilute sulphuric acid (1 : 5) is 
added from a burette ; by the aid of the indicator it is easy to detect 
the point where the ammonia is nearly neutralised, and at that point 
the odour of the impurities is most sharply defined (Pharm. Ztg., 
1895, p. 589). This test is very delicate. The test for tar products 
must, according to Bernbeck (J.8.C.I., 1891, p. 164), be coiiducte<l 
as follows ; A layer of the ammonia is poured over crude nitric acid; 
in presence of tar products a red ring appears at tlie point of con- 
tact. Tliis test is not so sliarp as that recommended by Ost. 

For the quantitative estimation of pyridine bases in ammonia, 
Kinzel has worked out a metliod which is described in the J.C.S., 
1890, A., p. 1349. Notes on the above methods for the detection of 
empyreumatic substances are to be found in the Pliarm. Ztg., 1895, 
p. 589. 

In the literature on the subject it has often been pointed o\it that 
commercially pure ammonia solution contains pyridine and pyrrol. 
The author has found these impurities in samples from various 
sources, and they are certainly objectionable. 

Volatile Matter . — 10 c.c. of the amnioiiia solution must leave 
no weighable residue on evaporating*oii the water bath. 

Note. — The author has nearly always found traces of residue on 
evaporation of pure concentrated ammonia solution; these arc 
evidently taken up from the storage vessels. 

Metals . — To 5 c.c. are added 20 c.c. of water and a few drops 
of ammonium sulphide; also another quantity of 5 c.c. is 
saturated with hydrochloric acid, diluted with 50 c.c. of water, 
and hydrogen sulphide passed; no change must take place in 
either test. 

Note. — The author has tested liquor ammon. caustic pure, which 
contained strong traces of zinc. Stieren mentions in his book an 
ammonia solution containing copper. Turbid ammonia solution is 
also sometimes found in the market. 

In the J.S.C.I., 1892, p. 133, mention is made of a commercially 
pure ammonia solution containing lead : such an ammonia gives a 
brown colour on passing hydrogen sulphide. The author has fre- 
quently detected lead and even arsenic. 
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Sulphuric Acid.— 10 c.c. are acidified with dilute acetic acid 
and barium chloride is added ; no change should take place , 
even after standing for a considerable time. 

Carbonic Acid.— 10 c.c. are mixed with 10 c.c. of water and 
20 c.c. of lime water, and the mixture boiled ; only a very slight 
turbidity should appear. 

Note. — Wlien ammonia takes up carbonic acid, according to J. 
Hertkorn (J.S.C.I., 1892, p. 457),. ammonium carbonate is first 
formed, which, on boiling the watery solution, is split up into am- 
monia and carbonic acid. On testing, therefore, for carbonic acid, 
which may have been taken up from the air, the liquid should be 
heated after the addition of the lime water. 

Hertkorn considers the test of the German Pharmacopneia (III.) to 
be wanting in accuracy for the reason that it only prescribes mixing, 
not boiling, the ammonia solution with lime water. 

Quantitative Estimation. 

The quantity of amnionia in the solution is found from the 
specific gravity according to the following notes, which have 
been taken from the Pharm. Ztg., 1889, p. 314 : — 

The table compiled by Carius was at one time considered 
the most reliable reference for obtaining the percentage of 
ammonia from the sp. gr., but in 1882 Mcssel declared the 
figures to be inaccurate, and that statement is borne out by the 
more recent investigations of H. Griinelierg, and of Lunge and 
Wiesnick (J.S.C.I., 1889, pp. 390, 541), as the results given 
by these authors, and also Wachsmuth are concordant. The 
table on page 30 is accurate within + 012 per cent, in the higher 
concentrations, and +0-25 per cent, in the lower ones. 

In using this table the temperatures, taken by an accurate 
thermometer, must be reduced to IS"" by means of the figures 
for correction in the last column, which give directly the figures 
to be added or subtracted, but the observed temperature must 
not be considerably above or below 15^; otherwise the co- 
efficients of expansion would evidently be different. 

For example : Having found the sp. gr. at 13^ to be O'fiOO, in 
order to find the gr. at 15°, 0'00()57 multiplied by 2 must be 
deducted from that figure, giving roughly 0*899, so that at 13° 
the liquid contains about one-third per cent, more ammonia. 

Uses and 5toras:e, 

Ammonia solution^ is much used as a precipitating, separa- 
ting, and neutralising agent, in quantitative as well as qualita- 
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Table showing the strength of Ammonia solutions of various specific 
gravities, by Lunge and Wiesnick. 


Sp. Gr. 
at 

Per cent. 
NH,. 

One Litre 
contains 
gras. NH 3 

Correction 
of Bp. Gr. for 

± l\ 

Sp. Gr. 
at 15’. 

Per cent. 
NH 3 . 

One Litre 
contains 
gms. NHa.l 

Correction 
of Sp. Gr. for 

± r. 

I’OOO 

0-00 

0-0 

0-00018 

0-940 

15-63 

146-9 

0-00039 

0-998 

0-45 

4-5 

0-00018 

0-938 

16-22 

152-1 

0-00040 

0-996 

0-91 

9-1 

0-00019 

0-936 

16-82 

1 . 57-4 

0-00041 

0 - 994 ; 

1-37 

13-6 

0-00019 

0-934 

17-42 

162-7 

0-00041 

0-992 ! 

1-84 

18-2 

0-00020 

0-932 

18-03 

168-1 

0-00042 

0-990 

2-81 

22-9 

0-00020 

0-930 

18-64 

173-4 

0-00042 

0-988 

2-80 

27-7 

0-00021 

0-928 

19-25 

178-6 

0-00048 

0-986 

3-30 

32-5 

0-00021 

0-926 

19-87 

184-2 

0-00044 

0-984 

3-80 

37-4 

0 -( M )022 

0-924 

20-49 

189-3 

0-00045 

0-982 

4-30 

42-2 

0-00022 

0-922 

21-12 

194-7 

0-00046 

0-980 

4-80 

47-0 

0-00023 

0-920 

21-75 

200-1 

0-00047 

0-978 

5-30 

51-8 

0-00023 

0-918 

22-39 

205-6 

0-00048 

0-976 

5-80 

56-6 

0-00024 

0-916 

23-03 

210-9 

0-00049 

0-974 

6-30 

61-4 

0-00024 

0-914 

23-68 

216-3 

0-00050 

0-972 

6-80 

66-1 

0-00025 

0-912 

24-33 

221-9 

0-00051 

0-970 

7-31 

70-9 

0-00025 

0-910 

24-99 

227-4 

0-00052 

0-968 

7-82 

75-7 

0-00020 

0-908 

25-65 

232-9 

0-00053 

0-966 

8-33 

80-5 

0-00026 

0-906 

26-31 

238-3 

i 0-00054 

0-964 

8-84 

85-2 

0-00027 

0-904 

26-98 

243-9 

1 0-00055 

0-962 

9-35 

89-9 

0-00028 

0-902 

27-65 

249-4 

i 0-00056 

0-960 

9-91 

95-1 

0-00029 

0-900 

28-33 

255-0 1 

1 0-00057 

0 - 9.78 

10-47 

100-3 

0-00030 

0-898 

29-01 

260-5 

0-00058 

0-956 

11-03 

105-4 

0-00031 

0-896 

29-69 

266-0 

0-00059 

0 . 9.54 

11-60 

110-7 

0-00032 

0-894 

30-37 

271-5 ! 

0-00060 

0 - 9.52 

12-17 

11 . 5-9 

0-00033 

0-892 

31-05 

277.0 

0-00060 

0 - 9.50 

12-74 

121-0 

* 0-00034 

0-890 

31-75 

282-6 

0-00061 

0-948 

13-31 

126-2 

0-00035 

0-888 

32-50 

288-6 

0-00062 

0-946 

13-88 

131-3 

1 0-00036 

0-886 

33-25 

294-6 

0-00063 

0-944 

14-46 

136-5 

0-00037 

0-884 

34-10 

301-4 

0-00064 

0-942 

15-04 

141-7 

0-00038 

0-882 

34-95 

308-3 

0-00065 


tive analysis. It must conform in all respects to the above- 
mentioned conditions, and must be kept in glass-stoppered 
bottles in a cool place. This precaution is very essential, as 
the solution soon loses NII 3 in the summer time if not kept cool. 


Commercial Varieties. 

In addition to pure ammonia, ammonia for commercial pur- 
poses is to be had in the market ; both qualities can be procured 
of various strengths, with a guaranteed sp. gr. 

On impurities of ammonia solution, see above notes. 

Anhydrous ammonia can also be had in iron cylinders, fitted 
with valves for liberating the gas. On the testing of this anhy- 
drous ammonia, see Lange and Heffter, J.S.C.I., 1898, p. 183. 

According to H. von Strombeck (J.S.C.I., 1892, p. 736) the 
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commercial samples of this so-callcd anhydrous ammonia only 
contain about 97— 99’8 per cent. NHg; the rest consists of 
ammonium carbonate, water, lubricating oil, etc. Strombeck 
obtains a perfectly pure ammonia by passing the gas over 
melted metallic sodium and spongy palladium. (For particu- 
lars, see loc. cit.) 

Ammonium Molybdate. 

Ammonium molybdaenicum puriss. : molybdate of ammonia 
(NH 4 ) 6 Mo 7024 , IHsd Mol. Wt., r234'-2-l. Large, colourless 
crystals, often showing a greenish shimmer. 

Tests for Impurities. 

Phosphoric AcuL-— 10 gins, must give a clear solution with 25 
c.c. of water and 15 c.c. of ammonia of ()'910 sp. gr. This 
solution is mixed with 150 c.c. of nitric acid of 1‘20 sp. gr., 
and should then show no yellow precipitate after standing for 
two hours and slightly warming. 

Note. — The above-nieiitioiied test is very accurate; to 100 gius. of 
ammon. molybd. puriss. only 1 ingiii. of phosphoric acid (H 3 PO 4 ) was 
added, and a distinct yellow precipitate was observed on testing in 
the above way. Most books on analytical chemistry fail to give so 
exhaustive an account of what may be demanded from molybdenum 
preparations as that given here and under “ Molybdic Acid.” When 
referring to phosphoric acid attention is only generally called to the 
fact that the molybdic acid solution, prepared for analysis, must be 
put aside for a few hours at 35° before use, a precaution which, in 
case of necessity, can be observed into the bargain. On standing for 
several weeks, the mol 3 ’bdate solution sometimes shows a yellow pre- 
cipitate, which consists (according to Zeit. f. anal. Cheni., 1876, 
p. 290; 1877, p. 52; and 1883, p. 78) of a yellow modification of 
inoly^bdic acid. 

Heavy Metals, etc.— The ammoniacal solution of molybdate 
of ammonium should show no change on addition of ammonium 
sulphide ; nor should any strong evidence of sulphuric acid or 
chlorine be apparent on acidifying a solution wuth nitric acid. 

Quantitative Estimation. 

The purity of the preparation can be observed superficially 
from the symmetry of the crystalline formation, and approxi- 
mately the amount of molybdic acid cun be estimated by slight 
ignition till the smell of ammonia disappears, and then weigh- 
ing the residue of M 0 O 3 , which ought to amount to about 81 
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per cent. For the accurate determination, see under “ Molyb- 
die Anhydride.” 

Ujes. 

As under ” Molybdic Acid.” 

Commercial Varieties. 

These are generally pure white and well crystallised, but 
they have sometimes a greenish appearance. 

Ammonium Nitrate. 

Ammonium nitricum puriss. : nitrate of ammonia 
(NH 4 NO 3 ). Mol. Wt.,70‘90. 

Colourless crystals, easily soluble in water. 

Tests for Impurities. 

As under ” Ammonium Chloride,” p. 25. 

Quantitative Estimation. 

As under ” Ammonium Chloride,” p. 25. 

Uses. 

The salt is used in analysis for facilitating the ignition of filter 
paper, or the combustion of organic substances which are not 
easily burned; it is also added for the same purpose to ash 
which is not perfectly freed from carbon. Magnesia mixture, 
for the estimation of phosphoric acid, is sometimes made with 
ammonium nitrate, and the salt is further employed in the 
manufacture of freezing mixtures. ]n the estimation of sul- 
phur in coke (by Kschka’s method) ammonium nitrate perfectly 
free from sulphur, is used for the conversion of the sulphites 
into sulphates. 

Commercial Varieties. 

In addition to the pure preparation, the commercial pro- 
duct, sufficiently pure for freezing mixtures, and generally 
containing strong traces of sulphuric acid, is found in the 
market. 

Aminonlum Oxalate. 

Ammonium oxalicum puriss. : oxalate of ammonia 
(C ,04 (NHJa, HaO). Mol. Wt., 14r76. 

Colourless crystals, soluble in water to a clear, neutral 
solution. 
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Tests for Impurities. 

Solubility .See preceding page. 

Residue . — 3 gms. must leave no weighable residue on igni- 
tion in a platinum capsule. 

Sulphuric Acid.— 6 gms. are dissolved in 200 c.c. of water, 
and the solution heated to boiling ; then a little hydrochloric 
acid and barium chloride are added ; after 12 hours’ standing no 
evidence of sulphuric acid should appear. 

Heacy Metals . — The solution (1 : 30) should show no change 
on addition of ammonia and ammonium sulphide. 

Note. — The salt, which is used as a standard in volumetric analy- 
sis, must contain 100 per cent, after triturating and drying in the 
air. 


Quantitative Estimation. 

This is effected with permanganate, and the method is de- 
scribed in this book under “ Oxalic Acid,” and exhaustively in 
Fresenius, Quant. Anal., 7th Ed., Vol. L, p. 324. The per- 
manganate solution is standardised on the purest and perfectly^ 
dried oxalic acid (q.v.) or on potassium tetroxalate. 

Uses. 

As given under “Oxalic Acid.” Oxalate of ammonium is- 
also used for standardising permanganate solution, and must 
contain 100 per cent, for that purpose. 

Commercial Varieties. 

Besides the pure preparation, some kinds containing sulphuric 
acid, and imperfectly volatile, are to be found ; also some "with 
potash salts present. The author has also found free oxalic 
acid in commercial ammonium oxalate. 


Ammonium Phosphate. 

Ammonium phosphoricum puriss. : acid ammonium phos- 
phate ( Mol, Wt., 131-82. White, slightly 

alkaline, powdery salt, gradually losing ammonia on exposure to 
the air. 

Tests for Impurities. 

Arsenic, Nitric Acid, Sulphuric Acid, etc.— Tests as given 
under “ Sodium Phosphate.” 

c 
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Potassium and Sodium —The phosphoric acid in 2 gms. of 
the salt is precipitated with lead acetate. After filtration the 
excess of lead is precipitated with hydrogen sulphide, the pre- 
cipitate again filtered off, and the filtrate evaporated to dryness 
and ignited. If an alkaline residue, soluble in water, is left 
behind, the presence of potassium or sodium may be inferred. 

Uses. 

The salt is used in the estimation of magnesia. 

Commercial Varieties. 

Besides the pure salt, a cheap quality (ammon. phosphoric, 
crud.) is found in the market, generally strongly eontaminated 
with arsenic and sulphuric acid. It generally shows an acid re- 
action, in consequence of containing too little ammonia, or it 
consists wholly of the acid salt (NH 4 )IB ?04 (the ammonium 
biphosphoric. technic.). 

Ammonium Sulphate. 

Ammonium sulphuric, puriss. : sulphate of ammonia 
(S 04 (NH 4 ) 2 ). Mol. Wt., 131’84. Colourless crystals, easily 
soluble in water. 

Tests for Impurities. 

Residue.— d gms. must leave no wcighablc residue on igni- 
tion. 

Chlorides .—2 gms. are dissolved in 20 c.c of water ; this solu- 
tion should show no change on addition of nitric acid and nitrate 
of silver. 

Metals.— 2 gms. dissolved in 20 c.c. of water must not be 
affected by hydrogen sulphide, or ammonia and ammonium 
sulphide. 

Sulphocyanides.—l gm. is dissolved in 10 c.c. of water, and 
some hydrochloric acid and iron pcrchloride added; no red 
colour must appear. 

Phosphoric Acid {and Arsenic Acid).— The test is conducted 
as described under “ Ammonium Chloride.” (See p. 25.) 

Note. — Samples containing arsenic are often met with in the 
market ; the arsenic can be detected by Marsh’s method, and nitric 
acid may be tested for with indigo solution. 
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Quantitative Estimation. 

The quantitative estimation is made as given under ‘ ‘ Ammo- 
nium Chloride.” The quantitative estimation of sulphide of 
ammonia, and the other ammonium salts, can be made by esti- 
mating the nitrogen by the azotometer— a method adopted in 
agricultural laboratories. (See Zeit. f. anal. Chem., 1896, p. 
631.) 

Uses. 

The pure salt is chiefly used for the preparation of ferrous 
ammonium sulphate ; further, in analysis, for the precipitation 
of albuminoids, and separation of the same by Kuhnc and Chit- 
tenden’s method (see Allen’s Comm. Organ. Anal, Vol. IV., 
pp. 342, 469), and for standardising solutions used in the esti- 
mation of nitrogen or acids. 

Commercial Varieties. 

In addition to the pure preparation used for analytical pur- 
poses, commercial preparations can be obtained. These arc 
chiefly used for the manufacture of artificial manures, and often 
have a greenish colour, and contain arsenic and sulphocyanides. 


Ammonium Sulphide Solution. 

Liquor Ammon, hydrosulfurat, : sulphide of ammonia solu- 
tion ( (NIDaS). Colourless, or only slightly yellow liquid. 

Tests for Impurities. 

Ammonium sulphide must not show a strong yellow colour, 
and must give a copious evolution of hydrogen sulphide with 
acids without formation of a coloured precipitate. 

Volatile Matter.— 10 gins, must leave no weighable residue 
on evaporating and heating in a porcelain capsule. 

Ammonium Carbonate and Free Ammonia.— On addition of 
lime and a magnesia salt, no precipitate must be formed, even 
after heating. 

Note. — For the preparation of an arsenic-free ammonium sul- 
phide see Habermann, J.S.C.L, 1897, p. 466. 

Quantitative Estimation. 

The H 3 S in ammonium sulphide is estimated by titration 

c 2 
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with permanganate. This method is described in books on 
volumetric analysis, inter alia, Sutton’s Vol. Anal., 7th Ed., 
p. 330. (See also under “ Sodium Sulphide.”) 


Uses and Storage. 

Ammonium sulphide is an important group reagent, and is 
used in forensic analysis, for the detection of hydrocyanic acid. 
The liquid must be stored in small, well-stoppered bottles. The 
reagent, on being ordered, must be freshly prepared by the 
manufacturer. On long-standing, it turns strongly yellow, 
owing to the formation of polysulphides of ammonium, and 
ammonium sulphocyanide. Otto (Ausmittelung der Gifte) 
warns against the use of ammonium sulphide which has been 
kept for some time, for the detection of hydrocyanic acid, as it 
often contains considerable quantities of hyposulphites. If 
yellow ammonium sulphide has to be used, it must be prepared 
by dissolving a little sulphur in the colourless or only slightly 
coloured preparation. The solution of ammonium sulphide is 
prepared by passing hydrogen sulphide into three parts of am- 
monia solution till saturated, and then again adding two parts 
of ammonia solution. On saturating the ammonia solution 
with hydrogen sulphide, ammonium sulph-hydrate solution is 
first formed (NH4SH) 

NH4OH + H,S - NH4SH + H/). 

On mixing this again with the same quantity of ammonia 
solution, a solution of the sulphide is formed. 

NH4SH + NH4OH - (NH4)2S + H3O. 

If , on the contrary, somewhat less ammonia solution is taken, 
as recommended above, the ammonium sulphide liquid still con- 
tains a little ammonium sulph-hydrate, and this represents the 
reagent as it is generally used in the chemical laboratory. The 
ammonium sulph-hydrate solution and the ammonium sulphide 
solution are colourless, but turn yellow in contact with air, 
polysulphides being formed. 

2(NH4)3S + 0 = (NHJaSa + 2NH3 + H3O. 

At the same time a part of the sulphur is oxidised to hypo- 
sulphurous acid, and on long standing, in contact with air, 
sulphur is precipitated, and the ammonium sulphide solution 
is eventually converted into an ammoniacal solution of am- 
monium hyposulphite and sulphur. The ammonium sulphide 
must, therefore, be kept out of contact with air. 
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Ammonium Sulphocyanide, 

Ammonium rhodanatum puriss. : sulpliocyanide of ammonia 
(CN-S mi,)). MoL Wt., 75-97. 

Colourless crystals, easily soluble in water and alcohol. 

Tests for Impurities, 

Volatile Matter, ~2 gins, must leave no weighable residue on 
ignition in a platinum capsule. 

Solubility in Alcohol . — 1 gm. must dissolve completely in 
10 c.c. of alcohol. 

Note. — Preparations containinj^ appreciable quantities of 
chlorides or sulphates are not perfectly soluble in alcohol. On tests 
for chlorides see “ Quantitative Estimation.” 

Sulphates.— The aqueous solution (1 : 20) must not change 
within five minutes after addition of barium chloride. 

Heavy Metals.— The solution (1 : 20) must show neither a 
precipitate nor a brownish colour after addition of ammonium 
sulphide. 

Iron . — The solution (1 : 20) should remain absolutely colour- 
less after the addition of a little dilute hydrochloric acid (1 c.c. 
HCl (sp. gr. ri9) to 10 c.c. of water). 

Quantitative Estimation. 

Klasoii and Volhard (Zeit. f. anal. Chem., 1879, p. 271, and 

1889, p. 619; also an article by the former in Chem. News, 

1890, p. 37) have shown that it is possible to titrate the soluble 
sulphocyanides, as accurately as hydrochloric acid, with silver 
nitrate solution, using potassium chromate as indicator. The 
solution must be neutral and free from chlorides, llegarding 
a method by Volhard, according to which it can also be esti- 
mated in acid solution with silver nitrate solution, sei‘ Sutton’s 
Vol. Anal., 7th Ed., p. 142. A method for estimating sulpho- 
cyanides in presence of chlorides with |)ermanganate is given 
by Volhard, and improved upon by Klason. I must refer to 
the above-mentioned papers for these methods. Testing for 
chlorine in presence of sulphocyanides is done, according to Vol- 
hard, by dissolving 2 to 3 gms. of the sulpliocyanide in 400 c.c. 
of water, heating on the water bath, and adding nitric acid in 
small quantities so long as any reaction takes place, i,e., till 
gas ceases to be evolved. The mixture is left standing on the 
water bath, the water which has evaporated being replaced from 
time to time, until a test ceases to give the sulphocyanide re- 
action with a ferric solution decolourised by nitric acid. Am- 
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monia is then added till alkaline, and the solution transferred 
to a basin, and evaporated to about a third of its bulk on the 
water bath. The remainin^^ li(|uid is now free from sulpho- 
cyanides and cyanides, and may be tested with silver nitrate 
solution. Volhard has found that during the process no appre- 
ciable amount of chlorine is lost. 

Uses. 

Ammonium sulphocyanide is used for the detection of iron, 
and the precipitation of cof)per (Hep. d. Chcm.-Ztg., 1889, p. 
281), and in volumetric analysis for the estimation of the halo- 
gens and of copper and mercury (Zeit. f. anal. Chem., 1879, 
p. 271) ; for furtlu'r reference on th(‘ estimation of silver, see 
Sutton’s Vol. Anal., pp. 112, 298. 

Commercial Varieties. 

\ arioiis qualities of ammonium sulphocyanide can be obtained 
in the market; even in the purest preparations 1 have often 
found traces of iron and lead. The ordinary commercial sam- 
ples have a yellowisli colour, contain empyreumatic substances, 
and often strong traces of sul|)huric acid. For analytical pur- 
poses a preparation showing a line white colour, and free from 
the above mentioned impurities, must be demanded. 


Aniline. 

Anilin pnrum (CJI5NH2). Mol. Wt., 92-83. 

Pure aniline is a colourless aromatic liquid, quickly turning 
brown on exposure to light and air, and is a strong base. It 
dissolves to a weakly alkaline solution in about 35 parts of 
water. Sp. gr. at 15'", P027 ; Jl.p., 183-7^ 

Tests for Impurities. 

The estimation of the boiling point and the specific gravity 
is sufficient for proving its purity. Pure aniline oil distils 
over completely between 183^ and 184T<. 

Quantitative Estimation. 

^ The amount of pure aniline present is determined by the boil- 
mg point. 

of aniline oil consist chiefly of toluidine, 
the boiling point of which is nearly 200A Aniline can, therefore, be 
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estimated sufficiently accurately by fractional distillation. Recent 
detailed notes on the analysis of aniline oils are given by H. 
Reichardt, Chem.-Ztg., 1893, p. 413, et seq.; abst. J.S.C.I., 1893, 
p. 954. 

Uses and 5torage. 

By showing certain colorations with oxidising agents, aniline 
can be used in analysis for the identification of the latter. In 
consequence, aniline has been introduced as a reagent for 
nitrates and chlorates. ^lany other oxidising compounds give 
reactions with aniline, and 1 may here indicate a paper by Laar 
(Ber. d. d. chem. Oes., 188*2, p. 208() : J.S.C.T., 1883, p. 45) 
regarding the application of aniline (and diphenylamine) in 
qualitative analysis. (Ireen and Evershed (J.C.S., 1887, A., 
p. 398 ; 1892, A., p. 751) use a normal aniline solution for the 
volumcd.ric estimation of nitrous acid. Aniline is further used 
in testing for furfnrol and aldehyde (see under “ Alcohol,” p. 
14). Aniline dissolved in hydrochloric acid colours pinew^ood 
yellow, even when diluted 500,000 times. On the colour re- 
actions of aniline with essential oils, see papers by Ihl and 
Nickel (J.S.C'.L, 1889, pp. 421, 573). Aniline is used for the 
detection of chloroform, chloral, bromoform and iodoform by 
the isonitrile reaction (A. W. Hofmann). On the detection of 
woody fibre in paper by means of aniline, see papers 
by Hanausck and Moeller (J.8.C.]., 1887, p. 840). In micro- 
scopy aniline oil is used as a dehydrating and clearing agent 
(see Bolles Lee’s Microtomists’ Vade-Mecum, 4th Ed., pp. 70, 
109). It should be kept in small bottles protected from light. 

Commercial Varieties. 

Special distinction is made between four varieties : — 

(1) Aniline for blue : Nearly chemically pure aniline. 

(2) Aniline for red : A mixture of nearly equal parts aniline, 
and ortho and para toluidinc. 

(3) Aniline for safranin is similar to aniline for red, and 
merely contains more ortho toluidine. 

(4) Liquid toluidine : This consists of a mixture of ortho and 
para toluidine, and only contains a small quantity of aniline. 

For more details as to the testing and properties of aniline, 
see Schultz, Chemie des Steinkohlentheers , Vol. I., p. 289, et 
seq. (Vieweg, Brunswick, 1886) ; also Lunge, ” Coal Tar and 
Ammonia,” p. 193. In the same reference, also, salts of 
aniline, aniline hydrochloride (Schultz, p. 302), and the method 
of testing them, are* described. 
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Arsenlous Anhydride. 

Acid, arsenicosum pur. (AS 3 O 3 ). Mol. Wt., 197*68. White 
lumps, having the appearance of glass or porcelain. 


Te^ts for Impurities. 


Residue, and Sulphide of Arsenic. —1 gm. of the arsenious 
acid is placed in a small porcelain dish, and covered with a 
porcelain lid or another small dish, and then heated till the 
arsenious acid begins to sul)lime. The first coating of arsenious 
acid must be quite white (free from sulphide), and on volatil- 
ising the rest of the acid by further cautious heating (in a fume 
closet) no residue must remain. 

On arsenious acid for standardising purposes, see under 
“ Uses.” 

Note. — Great precaution must be taken in performing the above 
test in consequence of the very poisonous nature of the arsenic 
fumes. It is also possible to test for volatility in a glass tube, as 
described in Fresenius, Quant. Anal., Vol. I., p. 10 . 5 , but this test 
can be dispensed with altogether if the acid has been found to con- 
tain 100 per cent, of AS 2 O 3 , employing an accurately standardised 
iodine solution. Sulphide of arsenic may then be detected as follows : 
10 gms. are dissolved in caustic soda solution, and 1 to 2 drops 
of acetate of lead solution added ; no brown coloration must appear. 
According to Hager (Handbuch der Pharm. Praxis, Vol. L, p. 470^ 
J. Springer, Berlin, 1876) AS 2 O 3 sometimes contains sulphide of 
arsenic as an impurity, which appears in yellow veins running 
through the lumps. E. Biltz (Kritische und praktische Notizen zur 
Pharm. Germ., p. 74, publ. Stenger, Erfurt, 1878) has tested (though 
only on one occasion) the red streaks sometimes pervading the white 
arsenious acid, for sulphide of arsenic, and Avas not able to detect it, 
although he had plenty of material to work upon, but found instead 
large quantities of oxide of iron. 

The testing for sulphide of arsenic and residue is certainly im- 
portant, as the volumetric solution of arseniate of potash retains its 
strength only where it contains no trace of sulphur compounds 

S'® Titrirmethode, publ. by Vieweg, Brunswick, 

loob, p. od 4 ). 


Quantitative Estimation. 


The quantitative estimation is made volumetrically with 
iodine solution (Sutton’s Vol. Anal., 7th Ed., p. 136- or 
Fresenius, Quant. Analysis, Vol. I., p. 286). 


Note.— Baumann (J.C.S., 1893, A. II., 
method (or the estimation of arsenious acid 


p. 90) recommends a 
by means of the azoto- 
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meter. A weighed quantity of the acid is put into a strongly 
alkaline solution of ferricyanide of potassium of known strength; 
the arsenious acid is thus oxidised to arsenic acid, and the ferri- 
cyanide is reduced to ferrocyanide. The remainder of the ferri- 
cyanide of potassium is then estimated volumetrically. On the 
above azotometric estimations, see also under “ Potassium Ferro- 
cyanide.” 

Uses and Storage. 

Arsenious acid is used as a standard solution in iodometric 
analysis, iind further, for the detection of acetic acid. Accord' 
ing to Mohr, the best lumps of the commercial acid must be 
selected for making the standard solution. The preparation 
used for standardising must be the purest to be had in the 
market. For the preparation of pure arsenious acid from the 
commercial product, Friedheim and IMichaclis give a very 
useful method (see J.S.C.I., 1895, p. 887) which need only be 
indicated here. The same authors call attention to the fact 
that arsenious acid is converted into arsenic acid on allowing the 
caustic solution of the former to stand, or by the application of 
heat (J.C.S., 1896, A. II., p. 74). In preparing a standard 
solution, therefore, heat should not be applied to dissolve the 
acid in the potash solution. The best method is to dissolve in 
bicarbonate of potash, in which case oxidation does not take 
place on heating. Due care must be observed in storing 
arsenious acid. 


AzoHtmin. 


Azolitmin puriss. 

Thin plates of a dark, reddish-brown colour. 

Tests for Impurities. 

Sensitiveness.— To 100 c.c. of distilled water are added 0*5 
c.c. of a slightly alkaline aqueous solution of azolitmin (1 : 100), 
and the quantity of xStj hydrochloric acid necessary to pro- 
duce a red colour is then noted, and again the quantity of 
caustic potash required to produce a distinct blue coloration. 
On the comparative testing of dilferent indicators by this 
method, see the table under “Indicators.” The azolitmin 
solution for the above test is made by adding 1 gm. of azolitmin 
to 100 c.c. of water, and adding, drop by drop, alkali 
solution till a violet tint is reached, or better still, by adding a 
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slight excess of the solution till a distinct blue colour 
appears, then again acidifying with a few drops of tSu sul- 
phuric acid, and neutralising with xJn alkali solution to a 
violet tint. Of this solution, 0‘5 c.c. is added to 100 c.c. of 
water (free from carbonic acid), and this quantity should 
require as little as possible of acid or alkali to produce 
a distinct change of colour. As the table on “Indicators” 
shows, a commercial azolitmin (0*5 c.c. of the solution 1 : 100) 
requires for the above test 1*2 c.c.x^hydrochloric acid, and 
3 c.c. caustic potash. The testing of the azolitmin solu- 
tion can be conducted advantageously after the method 
described under “ Litmus Solution ” ; sec also under that 
heading regarding precautions to be observed. 

A good azolitmin can be required to show even a greater 
degree of sensitiveness, as described in the table under 

Indicators”; otherwise its use as an indicator instead of 
litmus could not be recommended. TroinmsdorlT, on the other 
hand, states that he was not able to prepare an azolitmin which 
was equal to a good litmus solution in sensitiveness. (See 
Bdckrnann, Chem-techn. Untcrsuchung, 3rd Ed., Vol. I. pp 
119 and 120.) 

Uses. 

Azolitmin is the active principle of litmus; with alkalies it 
forms easily soluble blue salts (blue colour of litmus). Azolit- 
min is used as an indicator in solution (1 : 100, prepared as 
above), and in the form of azolitmin paper. Kretschmer, who 
gives a method for preparing a tincture of azolitmin, in Zeit. f. 
anal. Chern., 1880, p. 341, has obtained good results with the 
said tincture. Dietel also highly recommends azolitmin paper. 
Both used for the preparation the so-called azolitmin sand (see 
Zeit. f. anal. Chem., 1880, p. 341). Azolitmin paper is of a 
reddish- violet colour, and is obtained by dipping the purest 
falter paper into a dilute azolitmin solution. It is coloured red 
by acids, and blue by alkalies. The paper is tested for its 
degree of sensitiveness to acids and alkalies, as given under 
‘ ‘Indicators and Test Papers. ’ ’ The tincture is tested as given 
above under “ Azolitmin Solution 1 : 100,” or as under “Lit- 
mus Solution ” iq.v.). 


toinmerciai Varieties. 


They are often of inferior quality, according to Tromms- 
dorft 8 investigations. (See above.) 
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Barium Acetate. 

Barium acetic, puriss. : acetate of barium (Ba(C 2 H 30 a)a, 
HaO). Mol. Wt., 272'58. White crystalline powder, easily 
soluble in water. 

Tests for Impurities. 

Halogens . — 1 gm. dissolved in 20 c.c. of water should show 
no turbidity on addition of silver nitrate solution. 

Lime, Alkalies, Heavy Metals, etc . — See under “Barium 
Carbonate,” p. 44. 

Quantitative Estimation. 

The barium is estimated (piantitatively as barium sulphate 
(BaS 04 X 0*656651) precipitated in acid solution. On the esti- 
mation of soluble salts of barium with a solution of sodium car- 
bonate of known strength and titrating the excess, see Sutton’s 
Vol. Anal., 7th Ed., p. 70; or Clowes and Coleman, Quant. 
Anal., 2nd Ed., p. 161. 

Acetic acid can be estimated as in all acetates by distillation 
with phosphoric acid, using a good condenser, and finally 
titrating with an alkali ; volatile acids, however, like sulphurous 
acid, must not be present. For a full description of a suitable 
apparatus for that method of estimating acetic acid (in acetate 
of soda), by G. Neumann, see J.S.C.T., 1888, p. 645. 

Uses and Storage. 

The salt is used in place of barium chloride for the precipita- 
tion of sulphuric acid when it is essential to avoid having a 
chloride in solution, or to convert the base into an acetate. The 
salt under discussion, as well as all salts of barium, must be 
carefully stored owing to their poisonous nature. 

Commercial Varieties. 

Some preparations have a yellow colour, and others contain 
the chloride ; these should be rejected. 


Barium Carbonate. 

Barium carbonic, puriss. : carbonate of barium (BaCOg). 
Mol. Wt., 196*71. Pure white powder, soluble, with efferves- 
cence, in dilute hydrocTiloric acid to a clear solution. 
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Tests for Impurities. 

Lime, Alkalies, etc.— 5 gms. must give a clear solution with 
a slight excess of dilute hydrochloric acid, and, after diluting 
this solution with water and heating to boiling, the barium is 
precipitated with sulphuric acid. After standing several hours 
the barium sulphate is filtered off. The filtrate must remain 
clear on mixing with alcohol, and after evaporating in a 
platinum dish only slight traces (0‘1 to 0’2 per cent.) of mineral 
matter should remain behind. 

Metals, etc.— The solution (1 : 20) must show neither a dark 
coloration nor a precipitate (after having been previously 
boiled to get rid of carbonic acid) on addition of hydrogen sul- 
phide, and ammonia and ammonium sulphide. 

Barium Chloride or Nitrate.— Tim solution (1 : 20) in dilute 
nitric acid should only show a slight turbidity after addition of 
silver nitrate solution; 1 gm. is dissolved in 10 c.c. dilute 
acetic acid, a drop of indigo solution, and a few c.c. of concen- 
trated sulphuric acid added ; no decoloration should take place. 

Quantitative Estimation. 

On the estimation of barium, see under “ Barium Acetate,” 
and on the volumetric estimation of barium carbonate, see 
Fresenius, Quant. Anal., Vol. 11., p. 213. 

Uses. 

Barium carbonate is used in analysis for the separation of the 
oxides of iron and alumina from manganous oxide, zinc oxide, 
lime and magnesia, and for the preparation of other barium 
salts, etc. 

Barium carbonate, absolutely free from chlorine, is used, 
according to Jaksch, in the estimation of free hydrochloric acid 
in gastric juice, and is specially prepared for that purpose. 

Commercial Varieties. 

Ihe preparation is placed on the market in very varying 
degrees of purity. The ordinary commercial samples are im- 
perfectly soluble in dilute hydrochloric acid, and also contain 
strong traces of chlorides and nitrates. Barium carbonate, 
when precipitated from a salt solution with carbonate of potas- 
sium or sodium, always contains alkali. For analytical pur- 
poses, only the purest kind of barium carbonate— namely, that 
precipitated with solution of ammonium carbonate— should be 
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used. Native carbonate of barium (witherite) is found in the 
market, in the form of both lumps and powder. 

Barium Chloride. 

Barium chlorat. puriss. (BaCla, 2HaO). Mol. Wt., 243*52. 
Transparent crystals, easily soluble in water, insoluble in con- 
centrated hydrochloric acid. The aqueous solution is clear 
and neutral. 

Tests for Impurities. 

Solubility —See above. 

Lme, Alkalies, Metals, Nitrates, etc.— See under “ Barium 
Carbonate,” p. 44. 

Chlorates . — 2 gms. arc ground to powder, and placed in a test 
tube along with 10 c.c. concentrated hydrochloric acid. On 
heating slightly, no yellow coloration of the crystals or solution 
should appear, and no smell of chlorine. 

Quantitative Estimation. 

For the estimation of barium, see under ” Barium Acetate,” 
p. 43. 

Uses. 

In the laboratory, barium chloride is used for the separation 
of acids, and particularly for the detection and estimation of sul- 
phuric acid. 

On the preparation of absolutely pure barium chloride (free 
from strontium and calcium), as used by Richards (J.C.S. , 1894, 
A. II., p. 281 ; Chein. News, 1898, pp. 64, 79, 91, etc.) for his 
atomic weight determinations, see loc. cit. In the aforesaid 
preparation no trace of calcium or strontium could be found 
with the spectroscope after very careful fractional separation of 
the larger part of the barium, and this even held good in work- 
ing with larger quantities. 

Commercial Varieties. 

In addition to the pure preparation for analytical purposes, 
two other varieties exist in the market— viz., barium chlorat. 
depurat. cryst. , and barium chlorat. in the form of powder. The 
latter preparations often contain iron and have a yellow colour, 
or are moist in consequence of tlie presence of calcium. The 
ordinary commercial salt sometimes contains potassium 
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chloride ; I have found up to 15 per cent, of that impurity in 
inferior qualities, and I have also met with barium chlorat. 
depurat. which contained a large quantity of chlorates. Witt- 
stein has found thiosulphate of barium in the commercial varie- 
ties. L. Blum (J.S.C.I., 1890, p. 76G) examined a prepara- 
tion bought as chemically pure barium chloride which strongly 
reduced permanganate solution, and which, according to him, 
contained peroxide of barium. 

Barium Hydrate. 

Barium hydric. cryst. puriss. : hydrate of barium 
(Ba{0H)2,8H20). Mot. Wt., 314-46. Pure white crystals, 
soluble in water with only a slight residue of barium carbonate. 

Note.— Instead of being pure white, the crystals met with in 
commerce os piiris.s. have sometimc.s a yellow colour. 

Tests for Impurities. 

CMmdes-The solution in nitric acid (1 : 30) should show no 
change on addition of silver nitrate solution, or only a very slight 
opalescence after a few minutes. 

Lime, Sirontia, Metals, Allcalics, etc —As given under 
“ Barium Oarbonate ” (see p. 44). 

Note. — The ordinary commercial varieties often contain heavy 
metals (load). 

Barium Sulphide.— After adding an excess of hydrochloric 
acid th('. solution of the preparation must not smell of hydrogen 
sulphide, and must show no black precipitate on addition of 
acetate of lead. 

Quantitative Estimation. 

Barium hydrate solution (baryta water) may be titrated with 
normal acid, using litmus as indicator; 1 c.c. of normal 
acid=0’15723 Ba(0H)3,8H30. On the quantitative estima- 
tion of impurities, see under “ Commercial Varieties.” 

Uses and Storage. 

Barium hydrate is used in analysis for the precipitation of 
magnesia, the detection of carbonic acid, for eliminating sul- 
phuric and phosphoric acids, for rendering silicates soluble by 
fusion, for the preparation of standard alkali solution, and the 
saponification of fats, etc. 
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On the preparation of the absolutely pure barium hydrate, as 
used by Kichards for his atomic weight determination, see 
Chem. News, 1894, p. 79. 

For most analytical purposes^ a barium hydrate which has 
been three or four times recrystallised from water is sufficiently 
pure. The preparation must be kept protected from the atmo- 
sphere, as it readily absorbs carbonic acid. Barium salts are 
poisonous. 

Commercial Varieties. 


See above note. 


Barium hydrate for techTiical purposes can be obtained in 
large quantities in the market, both crystallised and fused. The 
author found in such barium hydrate, in addition to metals of 
the ammonium sulphide group, strong traces of chlorides. 
Hintz and Weber 1891, p. 272) give the following 

result of an analysis of commercial barium hydrate : — 


For 


Barium hydrate (Ba( 0 H) 2 , 8 H 2 O) 

Per Cent. 
... 94*31 

Barium sulphate 

... 0*52 

Barium sulphite 

... 0*07 

Barium thiosulphate 

... 0*70 

Barium carbonate 

... 1*75 

Barium sulphide 

... 0*04 


a detailed account of this analysis, see loc. cit. 


Barium Nitrate. 

Barium nitric, puriss. : nitrate of barium (Ba(N 03 ) 2 ). Mol. 
Wt., 260'64. Pure white crystals, soluble in water to a clear 
neutral solution. 


Tests for Impurities. 

Solubility . — See above. 

Chlorides . — The solution ( 1 : 20 ) should show no change on 
addition of silver nitrate. 

Lime, Strontia, Metals, Alkalies, etc . — The tests are per- 
formed as given under “ Barium Chloride.” 

Quantitative Estimation. 

Por the estimation of barium, see under ” Barium Acetate,” 

p. 43. 
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Uses. 

As given under “ Barium Chloride,” p. 45. 

For the determination of atomic weights Bichards prepared 
absolutely pure barium nitrate, perfectly free from calcium, 
strontium, potassium, and sodium, by recrystallising the com- 
mercial product seven times. 

Commercial Varieties. 

The ordinary commercial products, generally used for techni- 
cal purposes, fail to give a clear solution and often contain lead. 

Barium Oxalate. 

Barium oxalicum (BaCA^HsO). Mol. Wt., 242-64. White 
powder. 

Tests for Impurities. 

Solubility, Lime, Alkalies, Chlorides, Nitrates, etc., are 
tested for as given under “Barium Carbonate,” p. 44. In 
testing for metals, in hydrochloric acid solution, as given under 
^ Barium Carbonate,” no black coloration must appear on addi- 
tion of hydrogen sulphide, and the precipitate formed on addi- 
tion of ammonia and ammonium sulphide must not be dark in 
colour. 


Uses. 

H. Schweitzer and E. Lungwitz, who recommend the follow- 
ing piescription, use the preparation for the estimation of potas- 
sium. The commercial oxalate of barium often contains car- 
bonic acid, according to the above-named authors. (J.C.S 
1895, A. II., p. 245). 

lor the preparation of a pure product, a boiling solution of 
barium chloride is added to a boiling solution of ammonium 
oxalate. The precipitate is filtered, washed, and dried at 100°. 
This salt contains half a molecule of water of crystallisation. 


Barium Sulphide. 


Sulphide of barium : barium sulphuratum (BaS). 
168-84. Hard, sintered lumps, prepared by ignitin 
of barytes, powdered coal, and common salt. 


Mol. Wt., 
g a mixture 
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Method of Testing. 

The preparation in contact with dilute hydrochloric acid 
must evolve a regular current of pure hydrogen sulphide. 

Quantitative Estimation. 

In factories the barium sulphide in the commercial compound 
is determined as follows : — 

5 gms. of the melted substance arc dissolved in water at 50“ 
to 60“ , and hydrochloric acid added in slight excess without 
filtering beforehand. The wdiole mixture is filtered into a 500 
c.c. flask, and the residue well washed with hot w'ater; after 
cooling the flask is filled up to the mark, and in 100 c.c. of this 
solution the barium is precipitated in the usual way. The 
barium sulphate obtained is calculated to barium sulphide 
(Chem.->^tg. , 1894, p. 67). If the preparation above described^ 
as used for generating hydrogen sulphide, is to be tested quan- 
titatively, it is best to estimate the gas evolved by the acid in 
the manner described under “ Iron Sulphide.” 

Uses and Storage. 

The preparation is a very suitable {\gent for the generation 
of pure hydrogen sulphide (Zeit. f. anal. Chem., 1888, p. 26). 
It is very hygroscopic, and becomes covered with a white layer 
of Ba ( 0 H )2 and Ba( 8 H) 2 ; and it is therefore necessary to keep 
it in w’cll-stoppered bottles. (See also article by Veley, J.C.S. , 
1886, T., p. 369, et seq.) 

Commercial Varieties. 

In addition to the above preparation for analytical purposes^ 
there is present in the market barium sulphurat. techn. or com- 
mercial barium sulphide, sold in lumps said to contain from 60 
to 70 per cent, of BaS. 

Benzene (Benzol). 

Benzol puriss. (CgHe). Mol. Wt., 77'82. Colourless, mobile 
liquid, boiling between 80“ and 81“. Solidifies at + 5“. Sp. gr. 
at 15“, 0’883-0'885. 

Tests for Impurities. 

'I'hiophene. —On shaking benzol with concentrated sulphuric 
acid no colour must be produced. To remove thiophene, see 

D 
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F. Heusler, J.S.C.I., 1897, p. 131. The pure commercial 
benzol must distil over within 

The testing of benzol for carbon disulphide can easily be done 
quantitatively by Liebermann and Seycwctz’ method (see under 
“ Commercial Varieties ”) by adding 4 to 5 drops of phenyl- 
hydrazine to 10 c.c. of benzol, and allowing it to stand, with re- 
peated shaking, from one to one and a half hours. If the benzol 
contains 0‘2 per cent, carbon disulphide, a thick precipitate 
occupies the whole volume of the liquid, and even with 0'03 per 
cent, it is very perceptible. 

Quantitative Estimation. 

This is determined by fractional distillation. 

Uses. 

Benzol is used as a solvent for resins, fats, iodine, etc., and 
in forensic analysis it is used, like petroleum ether and amyl 
alcohol , for the separation of alkaloids. Otto (Anleitung zur 
Ausmittelung der Gifte, 18<S4, p. 110, Vicweg, Brunswick) 
recommends the following procedure for the purification of the 
solvents mentioned under “Petroleum Other That por- 
tion of commercial petroleum c'ther with the lowest boiling point 
(about 50°C.) should be used. This is obtained from a large 
quantity of the ether, which has been previously well shaken 
with (1) spirits of wine, (2) acjueous solution of a mixture of 
sulphuric and tartaric acids, and finally with distilled water. 
This treatment removes any bases that may be present. The 
ether is then dehydrated by means of calcium chloride, and dis- 
tilled fractionally as before. At this point it is advisable to add 
some olive oil to remove odorous substances. 44ie petroleum 
ether so prepared volatilises without leaving any odorous residue. 
For forensic purposes benzol, amyl alcohol, and ethyl alcohol 
have to undergo the same tn'atment, in order to purify them 
from bases the presence of which has frequently been detected 
in these liquids. 

Benzol from benzoic acid, and benzol from coal tar oil, are 
both obtainable in the market, and the latter is the one we have 
referred to as being used for analytical purposes. It is obtained 
in a very pure state on the large scale under the name of crystal- 
lisable benzol by rectifying the so-called 90 per cent, benzol 
several times. A small trace of thiophene, which is still re- 
tained by it, may be eliminated by shaking with sulphuric acid. 
Perfectly pure benzol should not be coloured brown by sulphuric 
acid, and on shaking with isatine and 30 parts of sulphuric acid 
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it should not give a blue solution (Watts’ Dictionary 
of Chemistry). On the testing of benzol for thiophene, see 
J.S.C.I., 1888, p. 30. 

Commercial Varieties. 

The commercial benzol or benzene is either nearly pure (crys- 
tallisablc) benzol, GgHg, or a mixture of benzol, toluol, xylol, 
and the dydrocarbons of higher boiling point. It also contains 
methyl cyanide and hydrocarbons of the methane series. With 
reference to boiling point, the following commercial varieties 
are thus differentiated ; 30 per cent., 60 per cent., and 90 per 
cent., and the so-called crystal lisable (cluTuically pure) benzol 
described above. 

The commercial benzol often contains carbon disulphide, but 
crystallised benzol has nearly always been found free from this 
impurity, according to the researches of C. Licberrnann and A. 
Heyewetz (D. chem. Ges. Bcr., 1891,21, p. 788; abst. J.S.C.I., 
1891, p. 578). Many commercially pure benzols (b.p. 
SO 82 ), supposed to be pure, contained, according to the 
above observers, 0-2 to 0'3 per c(mt. carbon disulphide. * For 
further details of commercial varieties and their analysis, see 
Schultz, Chernie des Steinkohlenthec'rs, Brunswick, 1886 
p. 167. 

Bismuth. 

Bismut, metallic. At. Wt., 207 '30. 

The metal is not often used in the laboratory, and no special 
tests need therefore be given. For details regarding the 
analysis of bismuth, see Post, Chem.-techn. Untersuchungen 
2nd Fd., Vol. I., p. 619. 

The following analyses of various samples of bismuth by E. 
Schneider arc given, along with the methods adopted, in the 
Jour. Soc. Chem. Ind., 1891, p. 1040 

(1) Eefined bismuth from a factory in Saxony, having a 
yearly output of 18,000 kilograms. 


(a) Per cent. 

(b) Per cent. 

Bismuth 

99'791 . 

99-745 

Silver 

0'070 . 

0-066 

Lead 

0'084 . 

0-018 

Copper 

0'027 . 

0-019 

Iron 

0'017 . 

traces 

Sulphur 

traces 

0-04-2 

Arsenic 

none 

0-011 

Total Cu, Fe, and Pb 

0128 • 

. 0-037 


d2 
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BISMUTH PROTONITRATE. 


With the exception of Peruvian bismuth, which contained 
2'058 per cent, of copper and iron and 4'57 per cent, of tin and 
antimony, commercial samples from Saxony, Bolivia and 
Joachimsthal, in Bohemia, were always found to contain less 
than 1 per cent, of foreign matter, the largest quantity present 
of iron, copper and lead combined being 0*308 per cent. 

(2) I3ismuth j)nriss. Sample (a) from Johanngeorgenstadt, 
obtained by precipitating as protonitratc and reducing to the 
metallic state, showed 99*922 per cent, of bismuth, 0*016 of 
cop[)er, 0*025 of arsenic, and a trace of iron. Sample (b), 
obtained from the basic chloride, gave 99*849 per cent, of bis- 
muth, 0*047 of silver, 0*049 of lead, 0’019 of copper, 0*024 of 
arsenic, and a trace of iron. Sample (c), from Saxony, 
obtained from the oxychloride, gave 99*892 per cent, of bismuth, 
0*065 of lead, 0*032 of copper, and traces of iron and arsenic. 

A. (dassen (ibid., p. 1041) made similar analyses, but found 
stronger traces of impurities than Schneider. In a sample 
marked “ ]3ismuth, chemically pure for scientific purposes,” 
and obtained from n well-known factory, a quantity of 500 gms. 
contained 10 gms. of lead chloride. A similar sample con- 
tained 1*56 per cent, of copper and 0*45 per cent, of iron, in 
addition to lead, which was not estimated. The melting point 
of absolutely pure bismuth is 264'', but according to Von Aubcl 
a sample labelled “Buriss.” obtained from Trornmsdorff, 
melted at 271*8*^, another from the same source at 273^, and 
the absolutely puin metal at from 265"" to 266'" Schcring’s 
bismuth, puriss., melted at from 269'"— 270A These facts in- 
dicate that some commercial varieties are by no means so pure 
as they ought to be (Chem.-Ztg., 1891, p. 276). 

Bismuth Protonitrate. 

Bismut, subnitric. puriss. : basic nitrate of bismuth. 

BifNOgia+fBilVla),. Mol. Wt., 1168*31. 

White, crystalline powder of acid reaction. 

Tests for Impurities. 

Ar.senic.—'nK residue from 1 gm. of the sample, after 
igniting to drive off the nitric acid, must not show an arsenical 
mirror on being submitted to Marsh’s test for half an hour. 

Note — Regarding; various other tests for arsenic, see Fliickieer. 
J.C.S., 1889, A., p. eriO. , ^ 

The German Phariuaeopoeia prescribes the following test:— On 
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heating 1 gm. till fumes have ceased to be evolved, and grinding the 
residue, when cold, the solution in stannous chloride must be colour- 
less. See note under ‘‘ Iron Chloride,” p. 144, for precautions to 
be observed in testing for arsenic. 

Jansen detected a brown colour on testing the carbonate with 
stannous chloride, which he at first thought to be due to arsenic, 
but on closer investigation, he found the reaction was caused by 
tellurium (Apoth.-Ztg., 1894, p. 519). 

Carbonic Acid, Lead, etc.— On dissolving 0‘5 gm. in 25 c.c. 
of dilate salphuric acid (1 : 5) in the cold to a clear solution, 
no carbonic acid must be evolved. A portion of this solution, 
to which ammonia in excess has been added, must give a 
colourless filtrate. A second portion, on diluting further, and 
precipitating with hydrogen sulphide, must give a filtrate 
which leaves no weighable residue on evaporation. 

Chlorides, Sulphuric Acid, and Ammonia.— 0' 6 gm. dis- 
solved in 5 c.c. of nitric acid must give a clear solution, show- 
ing only a slight turbidity on adding 0'5 c.c. of silver nitrate 
solution, and no reaction with a solution of barium nitrate. 

On heating the solution with an excess of caustic soda 
solution, no ammonia must be given oil. 

Note. — The two latter tests are taken from the ’third German 
Pharmacopoeia. 

Quantitative Estimation. 

The percentage may be roughly estimated by igniting the 
sample, according to the above Pharma copceia. 100 parts 
must leave from 79 to 82 parts of bismuth oxide. The fumes 
evolved are of a yellowish-red colour. 

Uses and Storage, 

The salt is used for the preparation of Nylaiidcr and Almen’s 
reagent, which consists of a solution of 2 gms. bismuth sub- 
nitrate and 4 gms. of Rochelle salt in 100 c.c. of 8 per cent, 
caustic soda. It is used for the conversion of arsenious and 
arsenic sulphides into their corresponding acids. Bismuth 
hydrate is often used for this purpose, and may be tested by 
the foregoing methods. The subnitrate should be well pro- 
tected from the air. If the salt turns grey on keeping, silver 
nitrate is probably present. 

Commercial Varieties. 

These often contain lead and arsenic. 
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BLEACHING POWDER. 


Bleaching Powder. 

Calcaria clilorata (Ca (C 10 ) 2 Ca C12, 2 H 2 O). Mol. Wt., 
28914. White to whitish powder, smelling of chlorine, 
soluble ill water, leaving a residue of calcium hydrate, and con- 
taining at least 25 per cent, available chlorine. 

Tests for Impurities. 

It is only necessary to estimate the available chlorine. 

Quantitative Estimation. 

The valiu' of the bleaching powder depends on the amount 
of available chlorine present. The latter is estimated quanti- 
tatively by some of the colorinudric methods ; an easy and 
accurate method is by titration with arsmiious acid, compre- 
hensively described in all books on quantitative analysis (see 
Sutton, Vol. Anal., 7th Ed., p. 161). A very simple method 
by the nitrometer using hydrogen peroxide is described by 
Lunge (Sutton, Vol. Anal., 7th Ed., p. 165, and J.S.L.I., 
1890, p. 22). 

Uses and Storage. 

Bleaching powder is usi'd as an oxidising agent, inter alk, 
for the detection of aniline by Bunge’s method (see J.S.C.T., 
1895, pp. 390, 398). In conjunction with hydrogen peroxide 
it has been recommended by Volhard and Gohring for the con- 
venient preparation of small quantities of oxygen in Kipp’s 
apparatus (J.C.S., 1890, A., p. 8), and in the form of hard 
cakes it is now extensively used for the ready preparation of 
chlorine in the same apparatus (Pharm. Ztg., 1889, p. 641, 
and Liebig’s Ann. d. Chem., 1889, pp. 253, 239). 

The powder must be kept in well-closed glass or stoneware 
vessels, in a cool place ; through time, loss of available chlorine 
takes place. 

Commercial Varieties. 

Commercial bleaching powder is generally sold in degrees 
Gay-ljiissac, and according to that value the 100 per cent, 
powder should contain 31*8 per cent, chlorine. From these 
figures it is easy to calculate per cent, to degrees, and vice 
versa. Gay-Lussac degrees correspond to the litres of chlorine 
obtainable from 1 kilogram of 90*^ bleaching powder ; therefore 
1 kilogram contains 90 litres of availablq chlorine. The com- 
pound loses chlorine on keeping. 



BROMINE. 


55 


Bromine. 

Bromum (Br.). At. Wt., 79‘75. 

Dark red (almost black) liquid, soluble in about 30 parts of 
water. 

TesU tor Impurities. 

Residue.— A few grams of bromine spontaneously evapo- 
rated in a small porcelain dish must leave no residue. 

Sulphur, Iodine, Chlorine, Organic Bromine Compounds 
{Bromoform, bromides of carbon), etc.— A few grams of the 
bromine ai’e first converted into bromide of ammonium by 
adding water and slowly adding (‘xcess of ammonia (a clear 
liquid must be obtained)* and evaporating (ammonium 
bromide is formed by adding 1 part of bromine to 1‘5 parts 20 
per cent, ammonia solution). 

(a) Sulphuric Acid.— 2 gins, of the ammonium bromide, 
prepared as above, in 60 c.c. of water must give no sulphuric 
acid reaction with barium chloride. 

(b) Iodine.— \Yhm to 1 gm. of the ammonium bromide dis- 
solved in 10 c.c. of water about 1 c.c. of chloroform is added, a 
viokit colour must not he produced on addition of a few drops 
of ferric chloride solution. 

Note. — Biltz recomeiids the following simple method, which de- 
tects even a l-50th per cent of iodine, and is also applicable to the 
testing of liydrobromic acid. The bromine is dissolved in 40 parts 
of water. Nearly the whole of this solution is shaken up with a 
sufficient quantity of iron powder for about 1 minute and allow^ed 
to settle. The colourless liquid is then transferred to a test tube 
and starch solution added. On now cautiously adding a few drops 
of the remaining bromine water, in presence of iodide of iron, a 
blue ring of iodide of starch will immediately appear below the 
yellow supernatant liquid. This test may be done as a check. 

(o) Chlorine.— O'l gm. of the ammonium bromide is dis- 
solved in 10 c.c. of water, and mixed with 4 c.c. of ammonium 
carbonate solution (1 part of ammonium carbonate and 1 part 
of ammonia of 0‘96 sp. gr. and 3 parts of water) ; after adding 
12 c.c. of Tty nitrate of silver the solution is heated for a short 
time at 50""— 60° ; the cooled filtrate should show only a slight 
opalescence, after acidifying wdth nitric acid. 


^Organic compounds of bromine slowly separate out as oily drops 
after adding bromine to ammonia solution. 
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BROMINE. 


Note. — The above test for chlorine is based on the fact that 
chloride of silver is soluble in warm ammonium sesquicarbonate 
solution, only traces of bromide of silver being dissolved (iodide of 
silver being insoluble). A slight opalescence always takes place 
on acidifying, as silver bromide is not absolutely insoluble, as stated 
above, but the presence of 1 per cent, chlorine produces, on acidify- 
ing, a strong opalescence, and the filtrate slowly becomes clbudy 
(Arch. d. Pharrn. 1888, p. 377). A bromine which stands these tests 
for chlorine is sufficiently pure for most analytical purposes, and 
should an accurate quantitative estimation be required, methods 
are described in books on analytical chemistry ; but it will very 
seldom be found necessary, as tlie bromine marked, “ Technically 
Ohlorine Free,” and sold by the Bromine Syndicate, at Stassfurt- 
Leopoldshall, must not contain more than 0’3 per cent, of chlorine, 
according to the conditions of sale, and is always well within this 
limit, and only contains a few hundredth parts of a per cent. Good 
German bromine contains only ()’()5 per cent, chlorine, and is free 
from iodine. 


Quantitative Estimation. 

The bromine is weighed in a small glass tube, and added to 
an excess of potassium iodide. The tube is then carefully 
broken, and the liberated iodine titrated with sodium thiosul- 
phate solution (1 c.c.-()’008 gm. Br.). A more detailed 
account of this estimation may be found in the text-books on 
quantitative analysis (see Bresenius, Quant. Anal., Vol. I., 
pp. 361, 365). 

For the quantitative estimation of chlorine in bromine, 
Topf (Pharm. ^tg., 1892, p. 364) mentions the following : — 

33 c.c. of bromine are shaken in a separator of about 150 
c.c. capacity with a little water, and a potassium bromide solu- 
tion of known strength added ; the chlorine dissolved in the 
water replaces the bromine which separates out, producing 
turbidity. By carefully adding the above solution and 
shaking, it is easy to determine accurately the point at which 
the turbidity ceases to appear, that is, when the chlorine has 
all been used up. The method is said to be accurate to within 
0’03 per cent. In checking the manufacture of bromine in 
the potash factories the methods of Kiibierschky (J.C.S., 1891, 
A., p. 1320) or Erchenbrccher are used. According to the 
former 25 c.c. of bromine are shaken with 25 c.c. normal 
potassium bromide solution for about 5 minutes. After set- 
tling, 10 c.c. of the supernatant liquid are transferred to a 
small weighed and well-stoppered bottle, and the weight 
noted. If the bromine contains no chlorine, the specific 
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gravity of the potassium bromide solution, along with the dis- 
solved bromine , amounts to 1*227. On the contrary , if chlorine 
is present, the potassium bromide is partially converted into 
potassium chloride, and the gravity is correspondingly lighter. 
In a table specially calculated for this purpose, the amount of 
chlorine corresponding to the specific gravity can be read off 
(see Zeit. f. angew. Chem., 1894, p. 686 ). 

Uses and Storage. 

Bromine is greatly used in analysis as an oxidising agent, 
and is specially used in the quantitative estimation of sulphur in 
organic and inorganic substances. Bromine water may be 
used for the volumetric estimation of phenol. 

The alkaline bromine solution, i.c., the solution of sodium 
hypobromite used for nitrogen estimation in Ivnop’s azoto- 
meter, is prepared from bromine and soda solution in the fol- 
lowing way : — 100 gins, of sodium hydrate are dissolved in IJ 
litres of water, and to the cold solution 25 c.c. of bromine are 
slowdy added with agitation. 

On the use of gaseous bromine in analysis sec Einmich, Zeit. 
f. anal. Chem., 1893, p. 152, and J.S.C.I., 1893, p. 711. 

Bromide Water — a saturated solution of bromine and water — is 
obtained by slowly adding bromine drop by drop to distilled water 
and agitating until bromine ceases to dissolve, which is 
made apparent by a few drops of bromine collecting at the bottom. 
This solution is used for identifying the difierent phenols. A solu- 
tion of 1 part of bromine and 20 parts of chloroform (Bromchloro- 
form) is used, according to Dragendorff (Pharm. Ztg., 1891, p. 726), 
for the estimation of the ethereal oils of the coniferae. 

Bromine should be stored in a cellar in w^ell-stoppered 
bottles, and is poisonous. 

Commercial Varieties. 

American and English bromine, according to Hager, are 
very inferior to German bromine, the latter being of a very 
pure quality. See note under “ Testing for Chlorine,” p. 56. 

Brucitie. 

Brucinum cryst., pur. (C 33 H 26 N 2 O 4 ). 

Small white crystals, of uncertain hydration (4HaO or 
2 H 2 O), which, after dehydrating, dissolve easily in cold 
alcohol, and melt at TlS"". 
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CADMIUM. 


Tests lor Impurities* 

Strychnine. —O' 6 gm. of brucine (which has been thoroughly 
dehydrated at 100“) after treatment with 6 gms. absolute 
alcohol at the ordinary temperature for one hour, with occa- 
sional shaking, must dissolve completely. If any undissolved 
strychnine is present the solution is decanted and a portion 
of the residue placed on a watch glass, allowed to dry, and then 
dissolved in a few drops concentrated sulphuric acid. A few 
crystals of potassium bichromate are now added, with gentle 
agitation; a blue colour, passing through violet and red to 
green, proves the presence of strychnine, which ought to be 
entirely absent, or only present in very small traces (Hager). 

Uses and Storage. 

Brucine is very poisonous and must be carefully stored. 
It is used for the detection of nitric acid in potable water. On 
its use for the estimation of small traces of nitric acid, see 
Lunge, J.S.C.L, 1895, p, 67. According to Lunge and LwofE 
Hoc. cit.), brucine detects the smallest trace of nitric acid, 
whereas, contrary to former observations, it gives no reaction 
with nitrous acid or nitrosyl sulphate. 


Cadmium. 

Cadmium metallic, puriss. (Cd). .At. Wt., 111’70. 

Soft bright metal, with a white lustre resembling tin ; melt- 
ing point, SIS'". 

Tests for Impurities. 

Tin, Lead, Copper, Zinc and other Metals. — Igm. of the 
metal is dissolved in nitric acid (tin, if present, separating out 
as oxide), and to 1 part of the solution a large excess of am- 
monia is added. The soluton should remain clear and colour- 
less. The other part is now diluted with water, excess of 
potash solution added and filtered. The filtrate, even after 
acidifying with hydrochloric acid, must give no precipitate with 
hydrogen sulphide. 

Quantitative 'Estimation. 

Methods for the separation and estimation of cadmium are 
described in works on quantitative analysis, e.q., Fresenius, 
Quant. Anal., Vol. I., p. 266. 
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Uses. 

According to Whitehead, the metal is used for testing gold 
previous to minting (Chem. News, 1891, 64, p. 243). 

Commercial Varieties. 

The author has often detected large quantities of lead. A 
guaranteed percentage of 99 ‘75 may be demanded of a good 
commercial cadmium. 


Cadmium Borotungstate Solution. 

Heavy yellow liquid. 

Tests for Impurities. 

It must be a clear, straw-coloured liquid with a sp. gr. 
of 3‘28. 

Uses. 

It is used in mineralogical examinations for the mechanical 
separation of mixed minerals. 

Commercial Varieties. 

Cadmium borotungstate is generally obtained in the market 
in the liquid form described, but the salt can also be easily 
prepared in the form of fine large crystals. 


Cadmium Iodide. 

Cadmium iodatum : iodide of cadmium* (Cdia). Mol. Wt., 
364-80. 

Bright, transparent, scaly crystals, resembling mother-of- 
pearl, easily soluble in water and alcohol. 

Tests for Impurities. 

Tests are made for other metals as under “ Cadmium.” 

Uses and 5torage. 

The salt is used for preparing the potassio-iodide of cad- 
mium solution (see appendix), and must be stored in well- 
stoppered glass bottles. 
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Calcium Carbonate. 

Calcium carbonic, puriss. praec. : carbonate of lime (CaCOg). 
Mol. Wt., 99-76. 

Pure white crystalline powder. 

Tests for Impurities. 

Solubility, Metals and Magnesia. —The solution (1 : 50) in 
dilute hydrochloric acid, must be clear, and must show no pre- 
cipitate or green colour on adding hydrogen sulphide solution. 
On adding excess of ammonia to the hydrochloric acid solu- 
tion, and then precipitating the lime with ammonium oxalate 
and filtering, no turbidity must appear in the filtrate after 
addition of sodium phosphate, even after long standing. 

Sulphuric Acid and Chlorine.— The solution, in very dilute 
nitric acid, must show no reaction cither with barium nitrate 
or silver nitrate. 

Alkalies.— 1 part of calcium carbonate shaken with 50 parts 
of water, must give a filtrate which shows no alkaline re- 
action, and leaves only traces of residue on evaporation. 

Note. — This test is rather too stringent, for this reason, that if 
ordinary distilled water containing a little carbonic acid is used 
there will be no reaction, and if the water is boiled there is, in 
nearly every case, a distinct red coloration with phenolphthalein. 
This may be due to a slight dissociation of calcium carbonate, 
which, indeed, is not absolutely insoluble. 

Quantitative Estimation. 

Lime and carbonic acid are estimated by well-known 
methods (see Fresefiius, Quant. Anal., Vol. L, p. 185). 

Uses. 

The purest precipitated carbonate of calcium is used in 
testing organic compounds for chlorine. 

Commercial Varieties. 

Various kinds of calcium carbonate are found in the market, 
viz., precipitated calcium carbonate, in varying degrees of 
purity ; in the form of lumps as marble (for the preparation 
of CO 2 ) ; and ordinary carbonate of lime. 
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Iceland Spar is a calcium carbonate of a very high degree of 
purity, and can be obtained in clear crystalline blocks with a 
guaranteed percentage of from 99 ‘9 to 100. 

An impure calcium carbonate, but sufficiently pure for some 
laboratory purposes, exists under the name of “Whiting” 
(ground and washed chalk), and is obtained from the island 
of Eiigen and various other places. 

Calcium Chloride. 

Calcium chloratum, crystallisat. puriss. : chloride of cal- 
cium (CaCla, 6 HoO). Mol. Wt., 218*41. 

Large, clear, transparent crystals, very hygroscopic. 

Tests for Impurities. 

Metals and Sulphuric Acid.— The aqueous solution (1 : 5) 
should be clear and neutral, and is tested for other metals with 
hydrochloric acid and hydrogen sulphide solution, and subse- 
quently ammonium sulphide. 

The solution (1 : 20) should show no change, even after 
several hours, on addition of a few dro})s of hydrochloric acid 
and barium chloride. 

The salt should dissolve completely in absolute alcohol 

( 1 : 10 ). 

Ammonia.— On boiling 2 gms. with caustic soda solution no 
ammonia should be evolved ; the latter can be detected with 
moist turmeric paper. 

Baryta^ etc.— The solution (1 : 20) should show no change, 
even after long standing, on addition of sulphate of lime solu- 
tion, and should not turn cloudy on additign of ammonia. 

Arsenic.— 5 gms. should show no arsenical mirror on apply- 
ing Marsh’s test (see under “ Sodium Carbonate ”). 

Quantitative Estimation. 

The lime is first precipitated as calcium oxalate, then ignited, 
and the calcium oxide weighed. Chlorine is estimated as 
chloride of silver. 

Uses and Storage. 

Special use is made of this salt for the detection and separa- 
tion of organic acids, apd it must be stored in well-stoppered 
glass bottles. 
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CALCIUM OXIDE, FROM MARBLE. 


Commercial Varieties. 

In addition to calcium chloride, pure cryst., the market sup- 
plies calcium chloride, pure dry ; calcium chloride, pure fused ; 
calcium chloride, crude dry. The latter preparations are 
used for the drying of gases. Tlui pure dried or fused calcium 
chloride is white, the raw product has a greyish colour. 

Calcium Oxide, from Marble. 

Calcium oxydatum e marmore : quicklime from marble 
(CaO). Mol. Wt., 55-87. 

White lumps, evolving much heat on addition of water. 

Tests for Impurities. 

Carbonic, Silicic and SulpJiiiric Acids, Ahnnina, etc.— 5 
gms., on being slaked with 4 parts of water, form a solid mass 
soluble in dilute hydrochloric acid, with very slight eh'erves- 
cence, and leaving only traces of sand, etc., undissolved. A 
portion of this solution should show only a slight precipitate 
of iron and alumina on adding ammonia in excess ; ano-thcr por- 
tion t('stcd with barium chloride should give only a slight tur- 
bidity. 

Quantitative Estimation. 

The lime is slaked, dissolved in hydrochloric acid, excess of 
ammonia added, the solution filtered and precipitated with 
oxalate of ammonia; the calcium oxalate so obtained is esti- 
mated as CaO in the usual way, the filtrate being examined 
for magnesia. Any carbonic acid which may be present is 
estimated, either by weight or by volume, in the apparatus 
described in books on quantitative analysis (sec Sutton’s Volu- 
metric Analysis, 7th Kd., p. 160). 

^ Uses and Storage. 

Lime, as hydrate, is used for expelling ammonia, and in the 
form of lime water for detecting the presence of carbonic acid, 
and also in distinguishing between tartaric and citric acids' 
It is employed in quantitative analysis, in the form of soda 
lime for the estimation of nitrogen by Will and Varrentrapp’B 
method (the soda lime must be previously tested for nitrogen 
hy^ blank experiment with chemically pure sugar)*. 

*It is best to use chemically pure glucose, as, according to 
Kreusler (Zeit. f. anal. Chem., 12, 362), even pure white commercial 
sugar candy contains 0*012 per cent, nitrogen, and white refined 
sugar, 0‘055 per cent, nitrogen. 
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Puriss. quicklime and soda lime (see under “Calcium 
Oxide from Iceland Spar”) are used for the estimation of sul- 
phur, phosphorus, and chlorine in organic compounds, and 
blank tests must be made for these elements, as ^^ven the 
purest commercial samples of Calc, oxydat. hydr. e marmore, 
when tested in large quantity, are not perfectly free from sul- 
phur and chlorine. (Quicklime must be stored in well-closed 
jars or bottles. 

Commercial Varieties. 

All commercial samples tested by the author showed strong 
evidence of sulphuric acid, in addition to distinct traces of 
silica, iron and alumina. He obtained a purer preparation from 
Iceland spar crystals. 

Bruggelrnann, to obtain a preparation free from sulphuric 
acid for sulphur estimation, ignited the pure calcium nitrate 
(Presenius, Zeit. f. anal. Chcni., Vol. XV., p. 185). 

Two varieties of commercial (piicklime arc distinguished as 
follows (1) rich or fat lime, (;2) poor lime; the latter does 
not slake so readily as rich lime, this featuDi being due either 
to the presence of magnesia or free or combined silicic acid 
(clay, silicate of iron). 

Calcium Oxide, from Iceland Spar. 

Quicklime from Iceland 8par. (CaO). Mol. Wt., 55*87. 

Lumps, having the form of Iceland Spar crystals. 

Note. — Even crystals which externally appear clear and colour- 
less, often contain not inconsiderable traces of iron, and sometimes 
chloride. 

Tests for Impurities.# 

Sulphuric Acid.—d gms. are dissolved in dilute hydrochloric 
acid, the solution diluted to 100 c.c., heated to boiling and 
barium chloride added; after 12 hours’ standing, at the most 
only unweighable and almost imperceptible traces of barium 
sulphate should appear. 

Phosphoric Acid and Chlorine.—^ gms. are dissolved in 
dilute nitric acid, and tested with silver nitrate and molybdate 
solution. 


Uses, etc. 

See the foregoing article. 



64 CALCIUM PHOSPHATE (DTCALCIUM PHOSPHATE). 

Calcium Phosphate (Dicalcium Phosphate), 

Dibasic phosphate of calcium : calcium phosphoric, puriss. 
dibasic. (CaHP04,2H,0). Mol. Wt., 171*63. 

Pure white crystalline powder, difficultly soluble in cold 
acetic acid, soluble in hydrochloric acid to a clear solution with- 
out effervescence. 

Tests for Impurities. 

Arsenic.~2 gms. of the salt tested for arsenic in Marsh’s 
apparatus must show no mirror (see under “ Sodium Car- 
bonate ”). 

Metals, Chlorides, etc.— 2 gms. are dissolved in dilute nitric 
acid and diluted with water to 10 c.c. ; one part of this solu- 
tion must only show a slight turbidity with silver nitrate, the 
other portion must give a pure white precipitate on adding 
excess of ammonia and hydrogen sulphide. 

Sulphuric Acid.— On shaking the calcium phosphate with 20 
parts of water, acidifying the filtrate with acetic acid, and 
adding barium nitrate, no precipitate must appear. 

On ignition, the salt should lose 25 to 26 per cent. 

Note. — To establish the composition of the salt (CaHP 04 , 2 H 20 ), 
1 gm. is carefully ignited in a platinum capsule, dehydrated cal- 
cium pyrophosphate (CaoPaO^ being formed, and the loss on igni- 
tion is theoretically 26‘12 per cent., or roughly speaking, 25-26 per 
cent. 

Quantitative Estimation. 

Phosphoric acid is estimated by the molybdic method (see 
Sutton’s Volumetric Analysis, 7th Ed., pp. 293, 294). 

Uses. 

» 

Tt is used as a chemical manure, as is also the dehydrated 
CaHP04, the latter being more readily soluble in acetic acid 
than the hydrated salt. 

The above salt, CaHP04, 2H2O, is the preparation required 
by the German Pharmacopoeia, and, according to the latter, 
must be prepared from the purest material. 

Commercial Varieties. 

These vary not only in degree of purity, but also in the per- 
centage of water present, the latter depending greatly on the 
method of precipitating the calcium chloride solution with 
sodium phosphate. 
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Calcium Superphosphate (Diacid). 

Calcium phosphoric, pur. acid : monobasic phosphate of 
calcium (llaH.(rO.)=, H.,0). Mol. Wt., 251-47. 

Bright scales, resembling mother-of-pearl, very hygroscopic. 

Tests for Impurities, Quantitative Estimation, &c. 

The tests are made as described in the foregoing chapter. 
Small traces of sulphuric acid or free phosphoric acid cannot 
be regarded as objectionable, as theii* presence is due to the 
usual method of preparation. (The salt is prepared by boiling 
down a solution of the neutral or monoacid salt with hydro- 
chloric, sulphuric or phosphoric acids.) 


Calcium Phosphate, Neutral (Tricalcium 
Phosphate). 

Calcium phosphoric, puriss. tribasic : tribasic phosphate 
of lime. Caa (TOJa. Mol. Wt., 3()9’33. 

Pure white crystalline powder, easily soluble in hydrochloric 
and acetic acids without effervescence. 

Tests for Impurities, 

Tests for arsenic, chlorides, metals and sulphuric acid are 
applied as under “Calcium Phosphate,” p. 64. 

Quantitative Estimation. 

By the molybdic method, sec under “Dicalcium Phos- 
phate.” 

Uses. 

It is used as a chemical manure, and is obtained by precipi- 
tating an arnmoniacal calcium chloride solution with disodium 
phosjihate (the dicalcium phosphate described on page 64 is 
obtained by precipitation from a slightly acid solution). 
Neutral calcium phosphate is obtained as a gelatinous precipi- 
tate, and retains water even after drying in vacuo. 

* 

Commercial Varieties. 

The neutral calcium phosphate occurs native as phosphorite y 
etc. , and the precipitated preparation is obtained in commerce 

E 
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in varying degrees of purity, as commercial tribasic phosphate, 
dry tribasic phosphate and gelatinous tribasic phosphate. 

Calcium Sulphate. 

Calcium siilphuricum pur. praec. : sulphate of calcium 
(CaSO., 2 H 2 O). Mol. Wt., 171.'65. 

White powder. 

Tests for Impurities. 

Foreign Substances . — 2 gms. should give a clear solution on 
heating with 10 c.c. hydrochloric acid and 100 c.c. of water, 
and no change should take place on warming with ammonia 
and ammonium sulphide. 

Ihe lime is precipitated wdth oxalate of ammonia, and fil- 
tered off. The filtrate ought to leave only slight traces of 
residue on evaporating and igniting in a platinum dish. 

Quantitative Estimation. 

A weighed quantity of gypsum is digested with excess of 
sodium carbonate, filtered, washed, and the calcium carbonate 
estimated volumetrically with normal hydrochloric acid and 
normal alkali. In the filtrate the sulphuric acid is estimated 
with barium chloride in the usual way. 


Uses. 

Calcium sulphate in solution is us(id for the detection of 
oxalic acid, barium and strontium, and for standardising soap 
solution for the estimation of the hardness of water. 

Commercial Varieties. 

The 60 -called selenite is also used for the preparation of 
sulphate of hme water, and can be obtained in the market. 
Crude calcium sulphate (ordinary gypsum) is another com- 
mercial product. 


Calcium Sulphide. 

Calcium sulphuratum : sulphide of calcium (CaS). Mol. Wt. 
7r89^ It is used in the form of small balls, sticks or lumps! 
for the preparation of pure hydrogen sulphide, free from 
arsenic. It may be prepared, according to Otto, by igniting 
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a mixture of 7 parts dehydrated gypsum, 3 parts powdered 
coal, and 1 part of flour. The preparation must evolve a 
constant stream of pure HaS in contact with dilute hydro- 
chloric acid. 


Carbon Dioxide. 

(COa). Mol. Wt., 43*89. 

l''he liquefied gas is sold in steel cylinders. Griinhut (Chem.- 
Ztg., 1895, p. 505, and J.C.S., 1895, A. IL, p. 532) has pub- 
lished an elaborate treatise on the testing of liquid carbon 
dioxide. According to him no gaseous impurities are present, 
as he always obtained about 100 pei- cent, on estimation in the 
eudiometer. Other impurities, how^ever, have often been 
detected, evidenced by the very disagreeable odour emanating 
from a liquid which collects at the bottom of the cylinder, 
sometimes to the extent of 70 gms. in a 10-kilogram bottle. 
This liquid is brown and turbid, and has generally a sweetish 
taste. The gas from cylinders containing that impurity, 
colours concentrated sulphuric acid brown, and discharges the 
colour of very dilute permanganate solution wlien the gas has 
been passed for several hours. This test is ]')crformed in acid 
or alkaline solution. The liquid in (piestion contains large 
quantities of ferric hydrate and glycerine. 

On the analysis of liquid CO 2 , see Lunge, Chern. Central., 
1898, Vol. I., p. 691. 

Storage. 

Care must be taken to keep the cylinders in a cool place. 
Instances of these cylinders exploding are recorded in Zeit. f. 
angew. Chem., 1896, p. 477 ; also Chem.-Ztg., 1896, p. 504. 

Carbon Disulphide. 

Alcohol sulphuris pur. (CS 2 ). Mol. Wt., 75*93. Sp. gr., 
1'272; B.p., 46''— 47"", A clear, colourless, highly-inflam- 
mable liquid of neutral reaction. 

Tests for Impurities. 

V olatility .—60 gms. must volatilise completely at the 
ordinary temperature. No brown colour must be imparted 
to lead carbonate on shaking with the liquid in a separating 
funnel. 

Note. — Carbon disulphide turns yellow under the influence of 
light. When this occurs a slight residue of sulphur remains on 
volatilisation. The author, in nearly every case, found traces in 

£2 
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commercial samples. The crude variety always contains a large 
quantity of this impurity, as well as hydrogen sulphide and other 
sulphur compounds (Chein.-Ztg., 1889, p. 627 ; and Zeit. f. anal. 
Cliern., 1879, p. 595). 

Quantitative Estimation. 

It suffices, as a rule, to determine the boiling point and 
specific gravity, and to apply the test for sulphur compounds 
and volatility. On heating a solution supposed to contain 
carbon disulphide, and passing the gas into a solution of 
caustic potash in absolute alcohol, a precipitate of potassium 
xanthate forms ; this reaction presents a means of estimating 
the compound quantitatively (Beilstein, Handbuch der organ. 
Chem., Vol. I., p. 722 ; see also J.S.C.I., 1893, p. 293). 

Uses and Storage. 

It is used as a solvent for fats, resins, iodine, etc., and 
great care must be taken in handling it, as tne vapour, when 
mixed with ait’, ignites and forms an explosive' compound at 
150'", even when no naked flame is near. An instance of an 
explosion of this nature occurring in a palm oil factory is 
reported in the Zeit. f. angew. Chem., 1891, p. 322. Sec also 
Max Popel (J.S.C.I., 1891, p. 787) on spontaneous combus- 
tion of carbon disulphide. 

Th. Pcckolt (Chem.-Ztg., 1891, p. 1717) gives an experi- 
ence he liad while analysing the fruit of the Schinus Tere- 
hinthifolius. He extracted 10 gms. of the fruit with carbon 
disulphide, and evaporated th(' extract on the water bath in a 
porcelain basin, which he kept out of direct contact with the 
water, on an iron ring. After a short time the carbon disul- 
phide began to boil, and eventually took fire. At first he was 
under the impression that one of his assistants had ignited 
phosphorus somewhere in the vicinity, but three subsequent 
experiments confirmed the fact that spontaneous combustion 
had actually taken place. 

Commercial Varieties, 

The ordinary commercial quality has often a yellow colour. 
Begarding its impurities, see above. 

Carbon Tetrachloride. 

(CCIJ. Mol. Wt., 153-45. 

A colourless, non-inflammable liquid, of agreeable odour. 
B.p., 76 ; sp. gr., 1'629 at O'". It has recently been proposed 
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as a solvent to substitute ether, carbon disulphide, etc., and 
also for extracting and crystallising purposes. It is not 
affected by halogens or acids. 


Carmine. 

Carmine 1. (Naccarat). 

Fine, light-red compound, obtained from cochineal. 

Note.— The manufacture of carmine is kept secret, but from 
Liebermann’s investigations it is known that the line colour is due 
to an alumina and lime lake, containing also a protein compound. 

Tests for Impurities. 

According to Donath (l)ingler’s Polyt. Joiirn., 1894, Vol. 
294, p. 188; J.S.C.I., 1895, p. 305) cochineal carmine is often 
adulterated, and not only arc the falsifications mentioned on 
p. 71 possible, but also additions of the lakes of alumina, oxide 
of tin and baryta, and certain azo compounds, such 
as Biebrich scarlet and Ponceau scarlet. Peferring to the 
detection of these admixtures, Donath declares that true 
cochineal carmine is completely soluble in ammonia, whereas 
the coal tar dyes above mentioned are insoluble. He further 
advises the ignition of a small quantity of carmine, known to 
be genuine, in a small porcelain crucible, side by side with 
an equal quantity of the carmine to be tested in a second 
crucible. The odour given off in the decomposition by heat 
of pure carmine resembles that of proteid snbstances simi- 
larly treated, whereas eosine lake has always a smell dis- 
tinctly like bromine, and peonine lake like phenol, etc. The 
adulterated samples leave a far larger mineral residue, and the 
method of examining these is given further on. 

Note. — For the sake of comparison, a colorimetric estimation 
niay be made of the various kinds : the simplest way is to place two 
burettes of equal dimensions side by side, the one containing the 
standard solution, and the other the solution to bo tested. The 
stronger coloured liquid is then diluted till the intensity of colour is 
the same in both. The carmine is dissolved by the aid of ammonia 
(see under “Ammonia Carmine”). 


Uses. 

It is used in the preparation of carmine stains for micro- 
scopical work. The, preparation of these stains is exhaustively 
described in Bolles Lee’s Microtomists’ Vade Mecum, 4th 
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Ed., p. 145, et scq. On the preparation of borax-carmine 
and ammonia lithium carmine, see above work; also Squire, 
Methods and Eormuke, p. 28, et seq. 

Note. — The following are a few of the carmine stains most fre- 
quently used : — 

1. Ammonia Carmine. - According to Hartig, finely ground com- 
mercial carmine is well mixed with Avater, and ammonia then added 
drop by drop till the carmine is perfectly dissolved. The solution 
is filtered and evaporated to dryness ; for use, the powder is dis- 
solved ill water. According to Bachmann, a carmine solution is 
easily obtained as follows : 0‘2 to 0'4 gm. of carmine is finely 
ground, and fiO c.c. distilled water, with a few drops of ammonia, 
added. A part of the carmine is dissolved; the whole is then 
filtered. If the filtrate smell perceptibly of ammonia, it is allowed 
to stand exposed to the air till the smell has vanished. To this 
solution fiO gins, of glycerine and <S c.c. of alcohol are added. 

2. Borax Carmine. — 4 gms. of borax are dissolved in 56 c.c. of 
water; to this 1 gm. of carmine is added; 1 part by volume of the 
whole mixture is mixed with 2 parts l>y volume of absolute alcohol 
and filtered. 

3. Grenadier’s Alum Carmine.— A solution of 5 gms. of alum 
in 100 c.c. distilled water is heated to boiling on a sand bath ; then 
1 gm. of powdered carmine is added and the mixture boiled for 20 
minutes. After removing the flame the mixture is stirred with a 
glass rod until it attains the ordinary temperature. It is then 
filtered through good filter paper and kept in a well-stoppered bottle. 

4. Orth’s Lithium Carmine. — Take 100 gms. of a saturated 
aqueous solution of lithium carbonate, and add 2'5 gms. of pow- 
dered carmine, stirring all the time; then filter. 

5. Frey’s Picrocarmine (for histological work). — l gm. carmine, 
4 C.c, ammonia solution, and 2()() c.c. distilled water are mixed to- 
gether, and 5 gms. picric acid added. The mixture is then shaken 
and decanted, the undissolved picric acid remaining behind. The 
decanted liquid is allowed to stand a few days, shaking from time 
to time, and is then poured into a shallow dish and exposed to the 
air to evaporate. This takes several weeks, a red powder being 
left behind, which is then mixed with 50 parts by weight of water, 
and, after standing a few days, filtered. The liquid must now be 
yellowish-red without smell of ammonia, and a drop placed on 
white filter paper and evaporated must give a yellow stain with a 
red edge. The solution is preserved by adding a few drops of car- 
bolic acid. 

A tincture, not made from carmine, but from cochineal 
itself, is used as an indicator. 
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Cochineal Indicator-According to Luckow this is prepared by 
digesting 3 gms. of cochineal for several hours with 250 c.c. of a 
mixture of three to four volumes of water and one volume of 
alcohol. Cochineal is preferable to litmus solution, as it gives a 
good reaction with earthy carbonates in solution where litmus is 
useless. It gives a yellowish- red colour with acids, and a violet car- 
mine-red colour with alkalies. 

The indicator may be used with advantage, for example, in 
titrating ammonia, or, rather, the excess of sulphuric acid 
used in nitrogen estimations by Ivjeldahrs method. It is well 
known that phenolphthalein cannot be used in this case. The 
cochineal indicator keeps well in stonpered bottles. 

On cochineal paj)er, sec “ Table of Indicators.” 

The sensitiveness of both paper and indicator is tested 
against an acid and an amrnoniacal solution. On this point, 
and the estimation of cocliineal, see under ” Carminic Acid,” 
p. 72. 

Eed carmine paper is also used in the laboratory, and is 
made by dipping very pure filter paper into an ammoniacal 
solution of carmine. 

Commercial Varieties. 

On commercial varieties, see p. 69, under ” Tests for Im- 
purities.” Carmine is sometimes ^adulterated with starch, 
clay, and even brick dust. Donath (Chem.-Ztg. , 1891, p. 522 ; 
also J.S.C.I., 1891, p. 758) lias examined a large number of 
samples of carmine, and found two absolute falsifications. One 
labelled ” Ordinary Carmine ’ had an inferior appearance, was 
insoluble in ammonia, and the aqueous extract showed the 
fluorescence of dihifn cosine solution. The sample contained 
88’5 per cent, of mineral matter on ignition. A hydrochloric 
acid extract showed the presence of lead oxide and alumina ; 
the residue, insoluble in the acid, consisted of lead sulphate. 
This compound was an eosine lake of lead oxide and alumina, 
mixed with lead sulphate. The sample labelled “ Antique 
Carmine” could scarcely be distinguished superficially from 
genuine carmine, and had a brilliant appearance. The greater 
part of it was soluble in ammonia and it contained 74’ 56 per 
cent, of ash, chiefly barium carbonate. This samplp was 
evidently a peonine lake. 

Genuine samples of carmine (cochineal carmine), according 
to the investigations of Feitler (J.S.C.I., 1893, p. 256), had 
the following compositions 
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Cochineal- 

Carmine, 

genuine. 

(Lieber- 

mann.) 

Cochineal, 

Naccarat. 

(Lafar). 

Carmine, 

finest 

Naccarat. 

(Feitler.) 

Carmine, 

finest 

genuine. 

(Feitler.) 

Carmine, 

finest 

genuine. 

(Feitler.) 

Water 

17*00 

7*00 

2000 

15*50 

6*87 

23*26 

20*48 

7*09 

27*00 

13*15 

9*18 

25*19 

16*69 

7*24 

20*31 

Ash 

Nitrogenous substances ... 
Colouring matter (by differ- 






ence) 

56*00 

54*37 

45*43 

1 62*48 

56*36 


ANALYSIS OF THE ASH. 


CuO 

traces 

0*35 

0*45 

0*24 

1*15 

Sn O 3 

0*67 

0*14 

0*62 

0*08 

1*35 

Al, 0, 

43*09 

40*48 

85*45 

25*95 

43*18 

FejO, 

traces 

traces 

traces 

traces 

traces 

CaO 

44*85 

44*20 

44*98 

31*29 

36*76 

Mg 0 

1*02 

0*61 

0*81 

2*76 

1*11 

Nag 0 

3*23 

5*40 

5*71 

16*24 

not estim. 

Kj 0 *, 

3*56 

3*20 

3*21 

1*96 

not estim. 

Tp O 5 

3*20 

2*71 

8*31 

6*12 

1*80 

Si O 3 

traces 

0*60 

0*51 

1*65 

not estim. 

C Og 

— 

2*31 


8*11 

not estim. 

SO 3 

— 

— 

— 

5*14 



Cl 

— 

— 



0*41 

— 

The finest 

carmine 

is termed 

“ nacci^rat.” 



Carminic Acid. 

Acid, carminiciim pur. (CitHisOio). Mol. Wt., 38r09. A 
red powder. 

Note. — On the preparation of crystallised carminic acid, see Ber. 
d. d. chem, Ge.s., 1894, p. 2980, paper by Schunck and Marchlewski. 

Tests for Impurities. 

Solubility .-—1 gm. should dissolve completely in 2 c.c. of 
water, and on addition of 20 c.c. of 95 per cent, alcohol to 
this solution, no appreciable precipitate should be thrown 
down. (See further below.) 


Quantitative Estimation. 

The simplest method for estimating commercial carminic 
acid js the comparative colorimetric test (see note on p. 69). 
For use as an indicator, it is important that carminic acid 
should behave most sensitively towards acid and alkaline solu- 
tions. 1 gm. is dissolved in 100 c.c. of water, and 0'5 c.c. of 
this solution is added to 100 c.c. of water, and the number of 
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c.c iStj ammonia or hydrochloric acid required to show a 
change of colour, noted. Its service as an indicator depends 
upon its degree of delicacy (see Trommsdorft’s figures on this 
point in the tables of indicators). 

According to Penny, the carminic acid in cochineal is esti- 
mated as follows 1 gm. cochineal and 5 gms. caustic potash 
are dissolved in 20 c.c. of water, digested for an hour, and 
then diluted with water to 100 c.c. ; to 10 c.c. of this solution 
a solution of 1 gm. potassium ferricyanide in 99 c.c. of water 
is added until the purple colour has disappeared and 
a yellowish-brown reniains. 

According to Lowenthal (Zeit. f. anal. Chem., 1876, p. 179), 
the colouring capacity of cochineal is determined by perman- 
ganate solution. As comparative tc'sts, both methods are said 
to* give good results. (See Allen’s Comm. Organ. Anal., Vol. 
IIL, Pt. I.,p. 363). 

Uses. 

Carminic acid is employed as a stain in microscopical work, 
but for that purpose the commercial carmine is generally used, 
not the pure carminic acid. The various carmine stains and 
the cochineal indicator are described in the article on 
“Carmine,” p. 70. 

Commercial Varieties. 

Under the designation, “carminic acid,” preparations of a 
semi-liquid character may be obtained. These give a turbid 
solution with water and alcohol, and are therefore very impure. 
The colouring capacity of such commercial preparations varies 
considerably. With 3 drops of a 0*5 per cent, pure carminic 
acid solution rendered strongly alkaline, the author was able 
to impart an intense purple colour to 50 c.c. of water; the 
same quantity of a sample obtained from a foreign source only 
coloured the water faintly, and this sample did not dissolve 
perfectly. 


Charcoal, Animal. 

Carbo animalis puriss. Light, dry, black powder. 

Tests for Impurities. 

Sulphates, Chlorides, etc . — 1 gm. is boiled for a few minutes 
with 50 c.c. of water, and the solution filtered. The filtrate 
Riust be colourless and 'neutral, and only show at most a very 
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slight turbidity with silver nitrate or barium chloride. The 
tests for sulphates and chlorides must show no reaction in 
10 c.c. of the solution. On adding I drop of indigo solution, 
diluted with double its volume of water (see p. 134), to 10 c.c. 
of the solution, and then 5 c.c. of concentrated sulphuric acid, 
the blue colour must not disappear. 

Copper, Iron, Lime, etc. —I gm. is boiled with 40 c.c. of 
water and 10 c.c. of hydrochloric acid for a few minutes ; no 
smell of hydrogen sul])hide must be detected. The liquid is 
then filtered through the purest filter pa[)er, and 10 c.c. trans- 
ferred to a small test tube, in wdiich the solution must appear 
colourless, must not turn blue on adding ammonia, and must 
show at most only a slight turbidity with antmonium oxalate, 
and with ammonium sulphide no precipitate must form, only a 
slight darkening of the solution being ])crmissible. The solu- 
tion must produce neither a coloration nor a precipitate with 
hydrogen sulphide. 

Decolourising Power.— r\m must be from three to 
four times greater tha]i that of the pur(\st powdered bone black. 
For this test 1 gm. of the charcoal must he boiled with 10 c.c. 
of the standard caramel solution (described below) and 50 c.c. 
of water For a few minutes, after which the solution is filtered. 
On treating 3 gins, of bone black in the same way, and com- 
paring the filtrates from both tests, that obtained from 1 gm. 
of the charcoal ought to be at least as much decolourised as 
the other. 

Determination of the Decolourisins: Power. 

Various forms of apparatus have been devised for this most 
important estimation, particularly for the quality used to such 
a large extent in sugar factories. Among these special men- 
tion may be made of the colorimeters of Salleron and Dubosq. 
G. Jjaube gives a simple process for testing bone black used for 
analytical purposes, but the method may also be used in com- 
paring other kinds of charcoal. According to that author 
(J.S.C.I., 1887, p. 47) all the pieces which have been burnt 
white, or have a poor appearance, are removed from the 
sample, and what remains is then ground to a fine powder, 
dried at 100'', and kept as a standard. The standard caramel 
solution* is prepared as follows 50 gms. are dissolved in 

*Caramel is a thick, dark brown syrup, and may be obtained from 
liqueur distilleries. 
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50 c.c. of water, 100 c.c. of alcohol added, and the whole 
dilated to a litre ; the solution is allowed to settle for a few 
days ; then filtered and kept. The coefficient is obtained by 
beating 5 gms. in a flask with 200 c.c. of water to boiling, then 
adding 10 c.c. of the caramel solution, and after allowing to 
boil gently for ten minutes (avoiding evaporation by means of 
a condenser) the liquid is filtered through a plain double filter. 
The caramel solution is now added to 200 c.c. of water from a 
graduated pipette until the same density of colour has been 
acquired as that shown hy the filtrate from the above, the test- 
ing being best performed in glass cylinders of the same dia- 
meter. If 2T c.c. of the standard caramel require to be added 
to the 200 c.c. of water to produce the same depth of colour, 
then the charcoal would have decolourised IO-2'I c.c. = 7*9 c.c. 
When bone black has to be tested, it must be ground to the 
same degree of fineness as the standard, and is then treated 
in the same way. If 5 gms. of the standard charcoal 
decolourise 7*9 c.c., and 5 gms. of bone black 5‘5 c.c., then the 
decolourising power of the latter would he 70 per cent. 

Uses. 

It is used for analytical purposes as a decolourising agent. 

Commercial Varieties. 

The charcoal used in analytical work is either the ordinary 
bone black (the animal charcoal described above, alter purifica- 
tion with acid) or purified blood charcoal (carbo sanguinis), 
which has a particularly strong decolourising pow’er. The 
various commercial varieties are given in the price lists. 

The charcoal should be free from calcium sulphide, an im- 
purity easily detected by the evolution of hydrogen sulphide 
on adding hydrochloric acid. A further treatment with acid 
will show whether a sample has been sufficiently digested. The 
test for sugar is performed by boiling about 200 gms. several 
times with water, and evaporating the extract down to about 
30 c.c. ; after clarifying with a few drops of lead subacetate, 
the liquid is examined in the polariscope. 

Chloric Acid. 

Acidum chloricum, pur. (CIO3H). Mol. Wt., 84*25. 
Colourless liquid of 1*20 sp. gr. 

Note. — Concentrated chloric acid quickly assumes a yellow colour 
on keeping, in consequence of the liberation of chlorine. 
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Tests for Impurities. 

Arsenic.~~}0 gms. of the acid, after diluting with water, are 
heated with an excess of dilute hydrochloric acid on the water 
bath till all smell of chlorine has gone. The liquid is then in- 
troduced into a Marsh apparatus in small quantities at a time, 
and tested for arsenic in the usual way. 

Baryta.— 5 gins, diluted with 50 c.c. of water should only 
show a slight turbidity with dilute sulphuric acid after stand- 
ing for a few minutes. 

Metals.— 'A c.c. are diluted with 10 c.c. of water, :ind, after 
addition of hydrochloric acid in excess, evaporated till all smdl 
of chlorine has gone. The residue must give no precipitate 
either with hydrogen sulphide, or ammonia and ammonium 
sulphide. 

Note, — A slight green colour, on addition of ammonia and am- 
monium sulphide (trace of iron), need not be objected to. 

Quantitative Estimation. 

Chloric acid and chlorates decompose on digesting with 
hydrochloric acid and jiotassium iodide. The iodine thus 
liberated may be titrated with decinonnal thiosulphate. Tlie 
method is described in books on volumetric analysis--c.r/., 
Sutton’s Volumetric Analysis, 7th Ed., p. 166 ; and also under 
“ Potassium Chlorate ” in this book. 

Uses. 

Chloric acid has been recommended by Jeserich for the 
decomf)osition of organic compounds, in place of potassium 
chlorate. 

Commercial Varieties. 

Chloric acids varying cousiderably in percentage are placed 
on the market, and for laboratory purposes the absence of 
arsenic is absolutely essential ; nor must much baryta be 
present (Chem.“/tg., 1889, p. 275). 

Chlorine and Chlorine Water. 

Chlorine. 

(Cl. At. Wt., 35-37). 

A greenish-yellow gas at the ordinary temperature ; at -40^ 
or under four atmospheres pressure at 15°, it is condensed to a 
liquid heavier than water, and of a greenish-yellow colour. 
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Liquid chlorine has now been a market article for many years, 
and is sold in so-called “bombs,” steel cylinders, containing 
2 kilos. 

Chlorine Water. 

Aqueous chlorine solution, containing about 0*4 per cent, 
chlorine. 

Note. — The lower the temperature the higher the percentage of 
chlorine absorbed. 

Testing and Quantitative Estimation of Chlorine Water. 

Chlorine water must be of a pale greenish-yellow colour, and 
smell strongly of chlorine. It must volatilise perfectly, and 
such samples as are colourless from decomposition cannot be 
used. 

If 25 gms. of chlorine water are added to 1 gm. of potassium 
iodide in solution, at least 28*2 c.c. Vb sodium thiosulphate 
solution must he used to lix the iodine liberated. 

Chlorine water must contain 0*1 per cent. Cl, as specified 
by the German Pharmacopceia. 

Storage. 

C'hloi’ine water must bo kept in a dark cellar, and, as far as 
possible, in small, well-filled bottles. When the bottles are 
incompletely filled, or badly stoppered, decomposition takes 
place, and the solution is soon rendered perfectly useless. In 
view of its unstable pro])erti('s, W. Kiiizel (Ber. d. pharm. 
Ges., 189-1, 4 , 55) recommends sealing oil liquid chlorine in 
tubes containing 5 gms. for immediate preparation of 1 kilo- 
gram of chlorine water. 

Chloroform. 

Chloroformiuiii (CIICl,). Mol. Wt., 119*08. Clear, colour- 
k'ss, volatile liquid of peculiar smell. B.p., 60''— 02^" ; sp. gr., 
P485-1-489. 

Note. — The boiling point deterinination has little value so far as 
sstiniating the impurities of commercial chloroform is concerned ; 
see J. lirown, Pharm. Journ. and Transact., 19th March, 1892. 

Tests for Impurities. 

Acidity . — On shaking 2 parts of chloroform witl), 3 parts of 
^’ater, the latter must neither turn blue litmus paper red, nor 
produce a turbidity on being carefully poured over a solution 
of silver nitrate in an equal volume of water. 
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Chlorine.—On shaking with zinc iodide and starch solution, 
no blue coloration must take place. 

Other Chlorine Compounds . — On repeatedly shaking 20 c.c. 
with 15 c.c. of sulphuric acid in a stoppered bottle (3 c.ni. 
diam.), previously washed with the acid, no coloration must be 
imparted to the sulphuric acid within an hour. 

Note. — 111 testing for alcohol, De Koninck'uses a solution of 
potassium permanganate in saturated barium hydrate ; in the event 
of alcohol being present, reduction tal-cs place, as shown by the red 
colour changing to green. Several articles on the estimation of 
chloroform have lately ajipeared. These have been reviewed in the 
Pharni. Ztg., 1889, p. 29 ; and also in the last annual volume of that 
paper. 

Quantitative Estimation. 

According to Baudrimont, when chloroform is heated with 
Feliliiig’s solution the following renctioti takes place : CHCIht 
2CuO 4 5KOH - Cu^O 4 31\C1 d- K.C’C), 4 31BO (Beilstcin , Or- 
gan. (Tiemie.). A method for the volumetric estimation of 
chloroform is describi'd by L. do Saint-Martin (Compt. rendiis, 
100, p. 492; abst. J.C.S., 1888, A., p. 570). 

Uses and Storage. 

Chloroform is used as a solvent for alkaloids, etc., and for 
the detection of aniline (see the latter), and should be kept in 
a cool dark cellar, in glass bottles. The commercial article 
always contains a litth' added alcohol to prevent decomposi- 
tion. That addition need not exceed O'l per cent. To purify 
commei-cial chloroform from alcohol and water the liquid is 
shaken with double its volume of concentrated sulphuric acid, 
neutralised with pieces of potassium carbonate, and rectified. 

Commercial Varieties. 

In addition to the chloroform of the German Pharmacopeia, 
described above, “Chloroform c Chloral,” “Chloroform 
Pictet,” and “Chloroform Anschutz” arc found on the 
market. As a general rule, the commercial samples are of 
good quality, and the quality prescribed by the above Pharma- 
copoeia is in most cases equal to the very pure chloroform from 
chloral. “. Chloroform Pictet,” obtained by crystallisation at 
-70^ and below -100°, is also a very pure preparation. 
Experiments by Schacht (J.S.C.L, 1893, p. 543) show that, 
although the Pictet Chloroform is 'a good preparation, that 
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obtained from the purest crystallised chloral hydrate is quite 
equal to it. Like all the other pure preparations, both decom- 
pose if not preserved by the addition of a little alcohol. 

During the past few years a special preparation under the 
name of “Anschutz Salicylide Chloroform” has been placed 
on the market, and is obtained from a crystalline compound of 

salicylide, C 6 H 4 I q | with chloroform, the resulting 

compound having the formula, C 6 H 4 , 2 CHCI 3 . The 

proparation was first made by Anscluitz (J.S.C.L, 1893, p. 
78*2). In this compound chloroform plays the same part as 
the water of crystallisation in many crystalline salts, and by 
simple distillation can be obtained in a chemically pure state 
(E. Merck, Jahresberichte, 1891). 

I may remark that, according to Arends (I’harm. Ztg., 1891, 
p. 263), German chloroform is generally superior to that manu- 
factured in England. Some years ago traces of arsenic were 
found in commercial chloroforms by various experimenters. 


Chromic Anhydride. 

Acid, chromicum puriss. (CrOD. Mol. Wt., 100‘33. Tjarge, 
dry, red needles. 

Tests for Impurities. 

Sulphuric Acid , — 2 gms. in 20 c.c. of water must give a 
clear solution, which should show no change within ten 
minutes on addition of a few c.c. hydrochloric acid, and a few 
drops barium chloride solution. 

Note. — Commercial samples of chromic acid penerally contain 
a large percentage of free sulphuric acid, or siilpliates. Further 
details are given on this subject by Vulpius in Arch. d. Pharm., 
1886, p. 0G5. The above-mentioned pure chromic acid was only 
brought into the market a few years ago, although prepared for 
years on a small scale for laboratory purposes, by well-known 
methods. In testing for sulphu ric acid, the chromic acid may first 
be reduced by heating with alcohol, and then testing with barium 
chloride (see under “Potassium Bichromate”). 

Potash Salt.--0'2 gm. of the acid is ignited in a porce- 
Iftin crucible, and the residue triturated with 20 c.c. of water 
^nd filtered. The filtrate, Avhich in all cases of commercial 
samples has a slight colour, is evaporated to dryness on the 
water bath, and the residue, which should not exceed 0‘002 
dried at 200^, and weighed (see Merck’s Annual Beport, 
1900). * 
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Quantitative Estimation. 

Chromic acid and its compounds are estimated either by 
ferrous-ammonium sulphate or by distillation with hydro- 
chloric acid. In the first method, a solution of ferrous salt is 
added to the chromate solution containing sulphuric acid, or to 
the chromic acid alone, until a drop of the liquid shows a blue 
coloration on being brought into contact with potassium ferri- 
cyanide on a white porcelain plate (Cr()3=^3FeO), or the iron 
salt may be added in the solid state to the chromic acid solu- 
tion, and the estimation proceeded with as above. The 
method is described, inter alia, in Sutton’s Vol. Anal., 7th 
Ed., p. T26. In the second method the chromates are dis- 
tilled with hydrochloric acid, the free chlorine is retained by 
iodide of potassium solution, and the iodine liberated titrated 
with xb thiosulphate solution, after the method described 
under “ Potassium Chlorate.” 1 c.c. sodium thiosulphate 
= 0*0049113 gm. l\ 2 Cr 207 , or 01)03339 gm. CrOg. An accu- 
rate method for the quantitative estimation is described under 
“Potassium Bichromate.” The poorer qualities of commer- 
cial chromic acid often contain considerable quantities of 
potassium bichromate and potassium sulphate instead of un- 
combined chromic acid. Under such circumstances an esti- 
mation of the sulphuric acid and potash present must be made 
in order to ascertain the quality of the sample. In testing for 
potash, etc., the acid is ignited, extracted with water and 
evaporated ; only traces of residue must remain. 

Uses and 5torag:e. 

Chromic acid, mixed with acetic acid, is employed as an 
oxidising agent in the decomposition of organic compounds, 
and also for the same purpose in inorganic analysis. On the 
estimation of carbon and sulphur by the chromic acid method, 
see Zeit. f. anal. Chem., 1888, p. 483; further, Berl. Ber., 
1888, Vol. 11., p. 2910; and on the estimation of phosphorus 
by chromic acid, sec Chem.-Ztg., 1887, L, p. 98. 

Fresenius (J.C.S., 1891, A., pp. 500, 1552; 1892, A., p. 
100; J.S.C.I., 1892, p. 776) uses chromic acid for the separa- 
tion of baryta and strontia from lime. Solutions of chromic 
acid are used in various microscopical investigations, especially 
for hardening, and for this purpose the preparation must be 
as pure as possible, and free from sulphuric acid (Frey, Pas 
Mikroskop, p. 79, publ. by Engelinann, Leipzig). 

Chromic acid must be kept in well-closed, glass-stoppered 
bottles. It is poisonous. 
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Commercial Varieties. 

Besides the above described chromic acid puriss., a pure and 
a commercial quality are also ol)tainable, and these can be dis- 
tinguished from the purer variety by reason of their containing 
sulphuric acid or sulphates, and the bichromates of potash and 
soda. The author has found over 30 per cent, sulphate of 
potash in the commercial acid. 

Citric Acid. 

Acid, citricum puriss. (CsHsOt, H 2 O). Mol. Wt., 209‘50. 
Colourless and odourless crystals, which effloresce on heating. 
Soluble in 0‘5 part of hot and 0'75 part cold water, and in 1 
part of alcohol. 

Tests for Impurities. 

Oxalic Of Tartaric Acid.—l gm. of the acid dissolved in 2 c.c. 
of water must not give a turbid solution on the addition of 
potassium acetate and alcohol. 

Svlphuric Acid, Lime, and Metals.-— The aqueous solution 
(1 : 10) must not show any turbidity either on addition of 
barium chloride solution or ammonium oxalate, or on adding 
hydrogen sulphide solution aft(‘r nearly neutralising with 
ammonia. 

Volatile Matter.— I gm. of the acid must leave no weighable 
residue on ignition. 

Quantitative Estimation. 

The acid is titrated with normal alkali solution, using phenol- 
phthalein as indicator; 2 gins, of the crystallised acid, contain- 
ing 1 molecule HoO, require 28‘8 c.c. normal alkali. (See 
Sutton, Vol. Anal., 7th Kd., p. 103.) 

Uses and Storage. 

Citric acid is used in the preparation of ammonium citrate 
solution for the estimation of citrate-soluble phosphoric acid in 
Thomas’ slag. For the preparation of concentrated citrate 
solution, see Wagner, J.S.C.I., 1895, p. 69. One litre of this 
solution must contain exactly 150 gms. pure crystallised citric 
acid, and 23 gms. nitrogen as ammonia (27 ’93 gms. NH3). 
The citric acid must be accurately weighed, and the ammonia 
estimated by analysis.* 

F 
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On the preparation of other citrate solutions, see Wiley’s 
Agricultural Analysis, Vol. II. , p. 57. Citric acid must be kept 
in well-stoppered glass vessels. 

Commercial Varieties. 

These often contain lead and sulphuric acid. Citric acid 
sometimes shows a slight blue colour, which, according to 
Pusch, is due to the presence of a small quantity of Prussian 
blue, present as a mechanical impurity (see Pharm. Ztg. , 1895, 
No. 76). 


Cobaltous Nitrate. 

Cobaltiim nitricum, puriss. : nitrate of cobalt (Co(N 03 ) 2 , 
6 H 2 O). Mol. Wt., 29()’28. Ped, deliquescent crystals. 

Tests for Impurities. 

Sulphuric /letd.— The solution (1 : 20 ) must not show a tur- 
bidity with barium chloride. 

Lead, Copper, etc.— 2 gms. dissolved in 50 c.c. of water 
with 2 c.c. nitric acid added must sliow no reaction with hydro- 
gen sulphide water. 

Alkalies, Salts, etc.--2 gms. are dissolved in 100 c.c. of 
water and the cobalt precipitated with ammonia and am- 
monium sulphide; on evaporating the filtrate to dryness and 
igniting no weighable residue must remain. 

Quantitative Estimation. 

The cobalt is precipitated as potassio-cobaltic nitrite. After 
drying, the precipitate is washed and dissolved in a sufficient 
quantity of hydrochloric acid, and the cobalt again precipi- 
tated with caustic potash, and finally estimated in the metallic 
state by reduction. In this way the separation of cobalt from 
nickel is effected (seeFresenius, Quant. Anal.,- Vol. I., p. 211). 
Regarding separation of cobalt from other metals, see ibid., 
p. 434. 

Note.— A criticism on the various methods proposed for the 
separation of cobalt and nickel has been written by C. Krauss 
(J.C.S., 1891, A., p. 1139). 

Uses and Storage. 

Cobaltous nitrate is used in blowpipe analysis for the 
detection of alumina, zinc and magnesia’, and, further, in the 



COCHINEAL—CONGO RED. 


83 


preparation of sodio-cobaltic nitrite, an important reagent for 
the precipitation of the heavy alkaline earths. It precipitates 
rubidium salts from very dilute solutions, and detects the 
presence of potassium salts even when present in very small 
quantities. According to Hugo Erdmann (Archiv. d. Pharm., 
1894, p. 22) the reagent may be prepared as follows 30 gms. 
of crystallised cobaltous nitrate are dissolved in a mixture of 
60 c.c. of water and 100 c.c. of concentrated solution of sodium 
nitrite (containing 50 gms.), and 10 c.c. glacial acetic acid 
added. When a few seconds have elapsed a copious evolution 
of nitric oxide will be observed, the cobalt being converted into 
the trivalent form, at once seen from the solution changing 
colour. As commercial sodium nitrite generally contains a 
trace of potash, a slight yellow precipitate generally separates 
out on standing, which must be filtered olT. The reagent may 
also be prepared from the acetate according to the method 
given under “ Sodium Nitrate.” Acetate of cobalt is also 
used for analytical purposes, and is tested in the same way as 
the nitrate. Cobalt salts must be kept in well-stoppered 
bottles. 

Commercial Varieties. 

The author has often found these to contain large quantities 
of the sulphate, and of nickel compounds. 


Cochineal (Indicator and Paper). 

See pp. 70, 71. 


Congo Red. 

Congo red is formed by the action of tetrazo-diphenyl 
chloride on naphthionic acid. It is soluble in water and 
alcohol, and the solution is very sensitive towards acids, a blue 
colour being produced ; on addition of alkali the blue colour is 
changed to red. Congo red paper can be prepared by soaking 
paper in a solution of the dye ; the blue paper is prepared by 
treating the red paper with acid. In literature on the subject 
several papers have appeared of late years on its value as an 
indicator, and among others I may refer to the contributions of 
Thomson, Vulpius, Julius, Williams and Smith (J.S.C.I., 
1886, p. 679; 1887, pp. 195,739). 

Congo red has been proposed as an indicator in the estima- 
tion of free acid, anddn the titration of aniline, etc. Dieterich 

f2 
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(Pharm. Central., 1887, p. 498) did not obtain good results 
with Congo red paper, on account of its lack of sensitiveness; 
on this subject see tables under “Indicators.” Bockmann 
(Chem.-techn. Untersuchungen, 3rd Ed., Vol. L, p. 139) also 
mentions the Congo red colour as being one of those of less 
technical importance as an indicator. The test for proving the 
degree of sensitiveness of the indicator, is mentioned under 
“ Indicators.” 

For full details on congo red, see Cohn, “Indicators and 
Test Papers,” p. 65. 


Copper. 

Cuprum metallic, puriss. (Cm). Mol. Wt., 6318. In the 
form of foil, wire, or a reddish powder. 

Tests for Impurities. 

Iron, Silver, Lead, etc. ~2 gins, must dissolve in nitric acid 
to a clear solution, which must not turn turbid either with 
ammonia or hydrochloric acid; and on precipitating with 
hydrogen sulphide, filtering, evaporating to dryness and 
igniting, no weighable residue must remain. 

A rsenic and Protoxide. —The arsenic is tested for by Marsh’s 
test, but a simple method has been recommended by J. Clark 
(J.S.C.I., 1887, p. 352). The protoxide may be estimated by 
Hampe’s method (sec Zeit. f. anal. Chem., 1891, p. 344). 

Appearancc.~^ee under “ Uses.” 

Quantitative Estimation. 

The metal is dissolved in a sufficient quantity of nitric acid, 
the copper precipitated from the dilute solution with hydro- 
gen sulphide, and the copper sulphide treated as under 

(Jopper Oxide.” For analyses of commercial samples of 
copper see Fresenius, Quant. Anal. Vol. JL, p. 398, et seq. ; 
also a paper by Murmann is detailed in J.S.C.I., 1897, p. 359. 

Uses. 

Pure metallic copper, obtained by precipitating with zinc in 
a copper sulphate solution, boiling with hydrochloric acid, and, 
if necessary, fusing under a layer of bora’x and rolling out into 
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thin sheets, is employed for the precipitation of iron by Fuchs’ 
method, and is also used for the detection of arsenic by 
Reinsch’s method, the elaidin test for oils and fats, and in the 
ultimate organic analysis of compounds containing nitrogen. 
For the latter purpose a good ordinary pure copper is suffi- 
cient. For analytical purposes copper is used in the form of 
thin foil, wire, filings, turnings, and in the granulated state. 
Among other uses the turnings are employed to absorb any 
chlorine which may bo evolved during the combustion of 
organic substances in the analysis of iron and steel, and must 
therefore bo perfectly pure, free from oil, and have a glistening 
appearance. 

Commercial Varieties. 

Even the purest speciirums of nu^tallurgical copper contain 
traces of impurities, particularly iron and protoxide of copper. 
Commercial precipitated copper, prepared as above, if not 
carefully and (packly dried, may assume a coating of verdigris 
which forms r('adily in a moist atmosphere. Further details 
see under “ Uses.” Copper wire and sheet are now prepared 
electrolytically in large (piantities, and in a very pure condi- 
tion . 

Note. — On copper prepared by electrolysis, see Elbs, Cliem.-Ztg., 
1894, p. 1585. 


Copper Ammonium Chloride. 

Cuprum ammonium chloratum, puriss. (•2(NH4C1) C'uCU, 
‘2H2O). Mol. Wt., 276’(30. Blue crystals, giving a clear 
solution with water. 


Tests for Impurities. 

As under ” Copper Sulphate.” The salt must be absolutely 
free from sulphuric acid. Even after recrystallising several 
times, a slight acid reaction towards litmus remains. It is 
essential to recrystallise several times, and to prepare the salt 
only from the purest materials. 

Uses. 

In the estimation of carbon in iron, if a pure salt is not em- 
ployed the results may be seriously vitiated. A. A. Blair 
bl.S.C.I., 1891, p. 574) believes that errors in carbon estima- 
tions are often caused by the presence of an organic substance 
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in the salt. Copper-potassium chloride (2(KC1) CuCla, 2 H 2 O) 
has been reeominended in its place for effecting the solution 
of iron in the above estimations, and is prepared as follows :~ 
107 parts ammonium chloride, 149‘1 parts potassium chloride, 
and 170’3 parts crystallised copper chloride are dissolved in 
water, and the double salt crystallised out and purified by re- 
peated crystallisation. Creath (Chem. Centralblatt, 1877, p. 
686) takes a solution containing 340 gms. copper chloride, and 
214 gms. ammonium chloride in 1850 c.c. of water. 


‘ Cupric Chloride. 

Cuprum bichlorat. cryst. pur. (CuCla, 2 H 2 O). Mol. Wt., 
169‘84. Green, deliquescent crystals. 


Tests for Impurities. 

As under “ Copper Sulphate.” 

Sulphuric acid may be detected by barium chloride. The 
salt must dissolve completely in water or alcohol. 

Arsenic.— I gm. by Marsh’s test (see ” Zinc ”). 

Quantitative Estimation. 

See “Copper Sulphate, puriss.”; the cuprous sulphide 
obtained, however, must be tested for lead. 

Uses and Storage. 

Berzelius employs a neutral solution of cupric chloride for 
the afore-mentioned estimation of carbon in iron, but now a 
solution of the chlorides of copper and ammonium is used, 
according to Creath (Eng. and Min. Jour., 23, p. 16). The 
salt must be carefully stored. 

Commercial Varieties. 

Copper chloride for technical purposes containing a large 
percentage of sulphate, and used as an oxidising agent, parti- 
cularly in the preparation of methyl violet, can also 
be obtained. In testing such samples the percentage of copper 
present is the most important point; they must also give 
a fairly clear solution with water. 
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Cupric Chloride, Anhydrous. 

Pure dehydrated copper chloride is a brown po\<^der, and on 
testing 1 gm. in Marsh’s apparatus no arsenic reaction must 
appear. The salt must not contain any green hydrated par- 
ticles, and must give an almost clear solution with water, i.e.^ 
only traces of oxide may be present. The salt must be care- 
fully protected from moisture. 

Cuprous Chloride. 

Cuprum chlorat. alb. (monochlorat.) {CuaCy. Mol. Wt., 
197 ’10. A white powder, easily soluble in hydrochloric acid 
or ammonia. On exposure to atmosphere or light, quickly 
turning green. 

Tests for Impurities. 

The quality of the salt may be observed from its appearance, 
an imperfectly prepared sample having a green or brown 
colour. In testing the salt or estimating the copper present, 
it must first be oxidised and then treated as under “ Copper 
Sulphate.” The presence of a small quantity of iron has no 
injurious elfect for ordinary purposes. The solution in hydro- 
chloric acid must readily absorb large quantities of carbonic 
oxide. 

Uses and Storage. 

Its solution in hydrochloric acid or ammonia is employed for 
the absorption of the gas just mentioned, and also some gaseous 
hydro-carbons ; it caii therefore be used for their quantitative 
estimation. In hydrochloric acid solution it may be used with 
advantage in the quantitative estimation of antimonietted and 
arseniuretted hydrogen (Kiban, Chem. Centralblatt, 1879, p. 
348). Thomas (Chem. News, 37, p. 6) describes there the 
preparation of a good cuprous chloride solution. In eudio- 
metry the salt is employed in cither hydrochloric or ammoniacal 
solution ; the former solution is prepared by dissolving the salt 
in hydrochloric acid (1 :124), and reducing the dark solution 
on the water bath by means of a copper spiral. The solution 
must be preserved under a layer of paraffin oil (Chem.-Ztg., 
1891, p. 767). 

Winkler prepares the ammoniacal solution by dissolving 250 
gms. ammonium chloride in 750 c.c. of water, and after trans- 
ferring this solution to a well-stoppered bottle, adding 200 gms. 
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of cuprous chloride. Ammonia is added when the solution is 
about to be used. Care must be taken to protect these solu- 
tions from the atmosphere, Hempel’s gas pipette being gener- 
ally employed for that purpose. The salt itself must be well 
protected from air and light. 

Commercial Varieties. 

These preparations are impure, and of a dirty green or brown 

colour. 


Copper Oxide. 

Cuprum oxydatum, pur. pulv. (CuO). Mol. Wt., 79‘14. 
Heavy, dense, deep black powder, gritty to the touch. 

Tests for Impurities. 

(a) On heating and passing moist air, free from COo, over 
100 gms. of the sample, no fumes must be given off which 
redden blue litmus paper or produce a turbidity in lime water. 

(b) 2 gms. are dissolved in hydrochloric acid and diluted to 
100 c.c. with water ; the solution must be almost clear. On 
precipitating with hydrogen sulphide, and evaporating the 
filtrate to dryness and igniting, only a slight residue ought to 
remain (iron). 

(c) The solution in hydrochloric acid must not show a tur- 
bidity with either barium chloride or sulphuric acid. 

(d) 20 gms. are extracted with cold, very dilute nitric acid, 
and the copper dissolved precipitated with hydrogen sulphide, 
and the filtrate evaporated to dryn'ess and ignited ; only a 
slight residue must remain (iron). The residue is also tested 
for alkalies and alkaline earths, particularly lime, which is 
detected by dissolving the residue in dilute acid, adding excess 
of ammonia, filtering and adding ammonium oxalate to the 
filtrate ; if any precipitate appears it is ignited and weighed 
as CaO. 

Note. — Fresenius, in his book on Quantitative Analysis, remarks 
on the presence of lime, particularly where the oxide has been pre- 
pared from copper scales, and for its elimination he treats the oxide 
v/ith dilute nitric acid, and proceeds according to (d). Nencki 
(see also under “Lead Chromate”) has tested samples obtained 
from various manufacturers, but found only a few free from that 
impurity. One sample contained as much as 1*02 per cent CaO. 
He also remarks that lime may be detected by a method described 
in a former (German) edition of this book, but we consider its 
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presence may easily be overlooked by that test. He emphasises the 
fact that his attention was first called to the presence of lime in 
commercial copper oxide by his friend, Mr. Kostanecki ; he, there- 
fore, was as much in tlie dark as the present author, who was also 
first made aware of its presence by Kostanecki’s discovery. As a 
result, this special test for lime has been added. 

Quantitative Estimation. 

The above tests provide a sufficient guarantee of purity, but 
if a quantitative estimation is required the oxide may be dis- 
solved in excess of hydrochloric acid, the solution filtered, and 
the copper precipitated in the hot filtrate with hydrogen 
sulphide. The sulphide is then reduced in a current of hydro- 
gen to the protosulphide and weighed as such. The sulphide 
must be tested for lead. Fresenius (Quant. Anal., Vol. L, 
pp. 257, 456, 463) mentions precautions to be observed in 
employing this method, and also the complete separation of 
copper from other metals. 

Uses and Storage. 

The oxide is used in ultimate organic analysis, and on this 
account must be well protected from dust. According to 
Frankland and Armstrong, copper oxide prepjired from the 
nitrate contains slight traces of nitrogen and carbon dioxide. 
Copper oxide in the form of wire is therefore said to be better 
for nitrogen estimations than the granulated or powdered form 
Isee Richards, Chem. News, Vol. LXVI., p. 74). 

Commercial Varieties. 

Pure granulated copper oxide for ultimate organic analysis 
can also be obtained, and is tested as given above. On solu- 
tion in hydrochloric acid this form always leaves a distinct 
residue, an occurrence which cannot be avoided as the oxide 
IS prepared by strong ignition in a Hessian crucible. The pure 
oxide can also be procured in the form of wire, also for use in 
ultimate organic analysis. Other varieties are copper oxide, 
for technical purposes, and copper hydrate; the latter is used 
in the quantitative estimation of albuminoids for which pur- 
pose it is specially prepared by precipitation from copper 
sulphate with caustic soda, and is kept moist by adding a little 
glycerine. For a detailed description of its preparation, 
estimation and storage, see Allen’s Comm. Organ. Anal., Vol. 
IV.,p. 30. 
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Cuprammonium Hydroxide. 

This solution is formod on sliakinp^ together metallic copper 
and ammonia in presence of air, and is used as a solvent for 
cellulose, which it converts into oxycellulose. A p[ood method 
of preparing the solution is as follows : — A quantity of copper 
sulphate is precipitated with ammonia till a slight darkening of 
the solution indicates excess of ammonia, the precipitate is 
washed several times by decantation, then digested for some 
time in the cold with water and caustic soda solution, again 
washed and the precipitate finally dissolved in very strong 
ammonia. 


Copper Sulphate. 

Cuprum sulphuric, piiriss. cryst. : sulphate of copper 
(CUSO 4 , 5 H 2 O). Mol. Wt., 248*80. Beautiful blue crystals, 
giving a clear solution with 8 parts of water. 

Tests for Impurities. 

On dissolving 3 gins, in about 80 c.c. of water, and jirccipi- 
tating the copper with hydrogen sidphide, the filtrate, when 
evaporated to dryness and ignited, must leave only traces of 
residue. 

Iron.— 5 gms. are dissolved in 25 c.c. of water and 15 c.c. of 
ammonia added, which redissolves the precipitate at first 
formed ; the solution is then filtered through a 10 c.m. filter 
paper, and washed alternately with water and ammonia until 
the paper ceases to be blue ; no brown spots must remain ; these 
are particularly apparent on drying the paper (Bonde). 

Quantitative Estimation. 

The copper sulphate is dissolved in water, hydrochloric acid 
added, and the copper precipitated with hydrogen sulphide in 
the warm solution. The precipitate is then converted into the 
protosulphide by igniting in a current of hydrogen, and weighed 
as such (see “ Copper Oxide ”). 

Uses. 

The pure salt is used in the preparation of Fehling’s solution 
for sugar estimation (see p. 101), also in the solutions of L5we 
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and Worm-Muller, for the same estimation. A mixture of 
copper sulphate and ferrous sulphate precipitates copper iodide 
from the neutral solutions of the metallic iodides. Copper 
sulphate alone, containing precipitates iodine in combina- 
tion, and is employed in analysis for that purpose. A solution 
of tlie salt with ummonia in excess is used as a test for carbon 
disulphide, l^or the detection of free and coml)iiied acid in 
solutions of the heavy metals a solution of the salt with slight 
excess of ammonia added is employed under the name of 
Kieffer’s reagent. 

Commercial Varieties. 

The salt is generally fairly pure: the presence of a large 
quantity of iron inny be recognised by the greenish colour of 
the crystals ; traces of the sulphates of zinc, lime, and magnesia 
are sometimes detected. 

Copper Sulphate, Anhydrous. 

The salt is used for the detection of moisture, e.g., in test- 
ing ether, and may be pre[)ared by drying the pure copper 
sulphate at 200'" C. in an air bath till only a white powder 
remains ; it is also used in the estimation of boracic acid by 
Morse and Burton’s method, and in the estimation of fat in 
milk (Morse and Piggott, J.C.S., 1887, A., p. 752). Tests for 
purity as under preceding preparation. On heating to about 
150^ C. no water must be given off ; traces of iron need not be 
objected to. 


Diphenylamine. 

Biphenylamin pur. ((C 6 H 5 ) 2 NH). Mol. Wt., 168'G5. White 
crystals, easily soluble in alcohol and ether. 

Tests for Impurities. 

0’2 gm. diphenylamine must give a colourless solution with 
(1) 2 c.c. pure dilute (1 : 5) sulphuric acid, and (2) 20c.c. con- 
centrated. The crystals melt at 54^, 

Quantitative Estimation. 

The melting point and behaviour towards sulphuric acid are 
guides as to the purity of' the diphenylamine. 
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Uses. 

Diphenylamine Solution, and application of the Diphenyla* 
mine reaction.— The reagent is prepared by dissolving O’ 5 gni. 
diphenylamine in 100 c.c» pure concentrated sulphuric acid, with 
the addition of 20 c.c. of water. In testing for acids of hitrogen, a 
few c.c. of the specifically heavier liquid are first poured into a test 
tube or beaker (sulphuric acid of wmuld be poured in first, but 
in the case of a lighter gravity, the diplienylamine solution would 
occupy the lower layer); over this is then poured a layer of the 
specifically lighter liquid, and a few minutes are allowed to elapse 
for the purpose of observing whether a cornflower blue ring forms 
at the juncture. For better observation the glass is held in a 
slanting position against a white background (Lunge, Zeit. 
f. angew. Chem., 1894, p. 345 ; abst., J.S.C.I., 1895, p. 67). Lunge 
states that the method ado})ted by A. Wagner is not so accurate, and 
the author has also repeatedly made the same observation,’’^ Regard- 
ing the use of diphenylamine in testing milk for nitric acid by 
Soxhlet’s method, see J.S.C.L, 1886, pp. 546, 618. In carrying out 
the di|)henylamine test a sulpliuric acid free from nitrogen is neces- 
sary ; the acid must be tested previously on diphenylamine, as 
described above, and must not show the slightest blue colour. The 
pure sulphuric acid from the various factories, and particularly 
the pure acid for analysis, manufactured by Messrs. E. Merck, 
fulfils these conditions. Some time ago it was a difficult matter to 
obtain pure sulphuric acid perfectly free from nitrogen in the 
market. 


Commercial Varieties. 

Commercial diphenylamine is often impure and dissolves in 
sulphuric acid with a strong yellow colour. 


Ether, Ethyl. 

anther puriss, (C 4 H 10 O). Mol. Wt., 73’84. Clear, colour- 
less, very mobile liquid, showing a neutral reaction. 13. p., 
34"-36''; Sp. gr., 0-720. 

Note. — All ether which at first shows a specific gravity of O’720 
may rise to O’ 721 after having been decanted several times. This 
can be explained in the following way : — During the pouring out, 
water is condensed in contiguity to, and on the surface of the flow- 
ing ether, owing to the cold produced by evaporation, and this alters 
the specific gravity. For experiments on this point, see Phariu. 
Ztg., 1892, p. 56. 

^Wagner’s method is described in th^ second (German) edition of 
this book. 
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Tests for Impiirities. 

Odour (heavy oil of wine and fusel oil).— Filter paper which 
has been moistened with ether must not retain any smell on 
evaporation of the latter. 

Note.—In the Zeit. f. anal. Chem., 1886, a case of adulteration of 
ether with petroleum spirit is mentioned. 

Residue.— On spontaneous evaporation of 20 c.c. of ether in 
a gloss dish the moist residue must have no smell, and must 
neither redden nor bleach blue litmus paper. The moist residue 
must evaporate completely on the water bath. 

Acidity.— On shaking about 10 e.c. of ether with 3 c.c. of 
water, the latter must show no acid reaction. 

Note. — According to Vulpius (J.S.C.I., 1887, p. 77)0), the reaction 
with phenolphtlialein is very delicate. In the case of three kinds of 
ether, on shaking 20 c.e. of each sample with 10 e.c. of water and 2 
drops of pheiiolphthalein solution, the first used OT, the second 0*2, 
and the third 5*2 c.c. more alkali, to produce the same depth 
of colour, than a test using water alone. The first two were good 
samples, and the last, bad. In testing for acid, therefore, this 
metliod must also be used. I may add that, according to observa- 
tions made in Schering’s Laboratory, oven the purest ether gave a 
blue reaction with moist red litmus paper (Pharm. Central, 1895, 
p. 11). The author has often had to complain of ether wduch con- 
tained sulpliuric acid. Water, on being shaken with such ether, 
not only showed a strong acid read ion, but also gave a heavy pre- 
cipitate with barium chloride. 

Hydrogen Peroxide, Ozone, and Aldehyde.— {a) 10 c.c. of 
ether and 1 c.c. of potassium iodide solution, when frequently 
shaken in a well-stoppered bottle, must show no coloratioi\ 
during one hour’s exposure to diffused daylight. 

(b) 30 c.c. of ether and about 5 gins, of solid potash, after 
standing for one day in a dark place and being occasionally 
shaken, must show no appearance of a brownish substance 
having separated out. 

Note. — Concerning the above tests, it must be added that the test 
^hh potash may show, besides aldehyde, the presence of vinyl alcohol. 

be presence of aldehyde can be detected by fuchsine-sulphurous 
^l^id (J.S.C.I., 1894, p. 1098). The best test for aldehyde (and 
a cohol) is Nessler’s reagent, but it is not possible to obtain an ether 

ich stands this test (Lassar-Cohn, Rep. L Chem.-Ztg., 1895, p. 58 ; 
Liebig’s Ann. Chem., 1895, ‘284, p. 266; and J.S.C.I., 1895, p. 295). 
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Hydrogen peroxide is also easily detected by adding potassium 
iodide and starch solution, iodine being liberated, and giving a blue 
coloration. Another good method is based on the fact that hydro- 
gen peroxide oxidises chromic acid to perchromic acid, which, dis- 
solving in ether, gives a blue colour. Some potassium chromate, 
with a few drops of dilute sulphuric acid, is added to the ether, 
and the mixture well shaken ; a blue colour shows presence of hydro- 
gen peroxide. The presence of vinyl alcohol can be detected, accord- 
ing to W. Bertsch (Apoth. iind Drogist, 1893, No. 12), by shaking 
the ether Avith mercury oxychloride. If, after 10 or 20 minutes, a 
turbidity or a white amorphous precipitate appears (vinyl mercury 
oxychloride), which, on treatment with potash, is converted into a 
black explosive powder, the presence of vinyl alcohol may be safely 
assumed. On the formation of the impurities just mentioned dur- 
ing storage, see note under “ Uses.” A detailed account by A rends 
of the more recent Avorks on the properties, testing, and purifica- 
tion of ether can be found in the Pharm. Ztg., 1896, p. 663. 

Sulphur Compounds —About 10 c.c. of ether are shaken in 
a small glass bottle with 1 drop of pure mercury, after which 
the mercury must retain a clean surface and no black powder 
must be formed. 

Note. — The above test has been suggested by Professor L. 
Koninck. According to the Pharm. Ztg., 1889, p. 222 (J.S.C.L, 
1889, p, 215), the black colour appears not only in presence of 
sulphur, but also if hydrogen peroxide is present. 

Water . — Dehydrated sulphate of copper must not turn green 
or blue on shaking with ether. 

Note.— On testing for water, see also note under. “ Ether Puriss. 
Distilled Over Sodium.” Etlier used for the estimation of fats 
ought to be as free as possible from water. 

Alcohol.— The most delicate test for alcohol and water is 
undoubtedly the coloration produced by adding crystals of 
acetate of rosaniline, previously dried at 100''. The iodoform 
test is very delicate so far as the presence of alcohol is con- 
cerned, but as a rule the estimation of the specific gravity is 
sufficient (see under “Quantitative Estimation”). 

Quantitative Estimation. 

Estimation of the boiling point, and especially of the specific 
gravity, combined with the tests mentioned above, are suffi- 
cient to determine the purity of an ether. 

Commercial ethers, containing considerable quantities of 
water and alcohol, show a high specific gravity, and 
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immediately colour dehydrated copper sulphate blue. If the 
boiling point of an ether has to be estimated this must only be 
done on the water bath, and never over a naked flame, especi- 
ally as ether containing small quantities of hydrogen peroxide 
or ethyl peroxide gives rise to violent explosions at the end of 
the distillation. For a table of the specific gravities of mix- 
tures of ether and alcohol, see Squibb, J.S.C.I., 1884, p. 531. 

Hager (see Hager’s Handbuch der Pharm. Praxis, Berlin, 
1876, Vol. L, p. 167 ; also Allen’s Comm. Organ. Anal., Vol. I., 
p. 180) estimates approximately the quantity of alcohol in 
ether by observing the degree to which the ether dissolves in 
water, or the alcohol may be determined by Lieben’s method, 
which consists in shaking the ether with w’ater, and heating 
the water with iodine and potash (formation of iodoform). 

The ether is often qualitatively tested for alcohol, by shaking 
it with the same volume of water. A good ether must not 
dissolve in water to the extent of more than 10 per cent. The 
test is superfluous if the ether shows the correct specific gravity. 
If the correct temperature is not inaintaincd erroneous results 
may he arrived at on shaking with water. It may be assumed 
that ether of 0*720 sp. gr. (Pharm. Germ.) contains 0‘1 per 
cent, of water and 0*8 per cent, of ethyl alcohol. An analysis 
of an ether of 0*724 sp. gr. (Pharm. Centralhalle, 1894, p. 118) 
showed 95*9 per cent, absolute ether, 3*72 per cent, absolute 
alcohol, and 0*38 per cent, of water ; that is, roughly speaking, 
96 per cent, ether and 4 per cent, alcohol of 90 per cent. 
According to Squibb (loc. cit.) an ether of 0*720 sp. gr. contains 
about 1 per cent, of alcohol. 

Uses and Storage. 

Ether as a solvent plays an important part in the estimation 
of fats (for the quality of ether required for such purposes, see 
previous remarks). It is used further for the extraction of 
alkaloids and for various separations in inorganic analysis. 

In working with ether there must be no naked flame near it ; 
d must only be distilled on a water bath, which obtains its 
beat indirectly. As during storage a number of decompositions 
can take place (see note below) , certain precautions are neces- 
It is best stored in small, well-stoppered, brown bottles 
of such capacity that they need not often be opened before 
being emptied, and these bottles should be kept in a dark, dry 
place. 

Note, — Ether (no doubt during storage) forms such oxidation 
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products ns acetaldehyde, hydrogen peroxide, ethyl peroxide, acetic 
acid, and vinyl compounds (see Thoms, Pharm. Ztg., 1894, 777, and 
Ber. d. Pharm. Ges., Berlin, 1894, parts 10 and 11). 

These products are formed through contact with air in presence 
of liglit, as well as in the dark. According to Berthelot, perfectly 
pure ether can form on long standing under the influence of air, 
traces of ethyl peroxide, or of nitric acid. 

A. Bicliarclson (J.C.8., 1891, A., 1, pp. 51 — 58) has proved further 
that pure etlier forms hydrogen peroxide by the action of sunlight 
in presence of moist oxygen. Dunstan and Dymond obtained the 
same result. 

Kichardsoii found that hydrogen peroxide is formed when pure 
ether and moist oxygen are subjected in closed vessels to a tempera- 
ture of from 60'^ to 88'^ in the dark for several days. Many obser- 
vations prove that the formation of hydrogen peroxide in ether is 
not due to impurities (Pharm. Ztg., 1892, p. 45 ; J.S.C.L, 1892, 
p. 8.‘]5). The liquid cva|)orates very quickly in badly-stoppered 
bottles, and often forms considerable quantities of the above im- 
purity. Ether containing the aforementioned compounds has been 
known to cause very dangerous explosions (for particular reference 
to this point see Schiir, Arch. d. Pharm., 1887, p. G23, et seq.] 
J.S.C.L, 1887, p. G80). The author of this l)ook found a strong 
acid reaction in an ctlicr which caused an explosion during an 
estimation of fat. This ether was the last of a supply wdiich had 
been in use for three montlis and Imd been kept in a corked bottle. 
It w\as originally a pure neutral sample. 

P. 11. Clove (J.C.S., 1891, p. 15) describes a peculiar explosion 
due to impurities. After distilling about 250 c.c., a tough residue 
remained which, w'hen dried on the w^ater-bath, formed a trans- 
parent amorphous mass, weighing about 0'75 gm. After Cleve had 
added a little water and was stirring carefully with a rounded glass 
rod, a violent explosion occurred. 

The explosive substance wuis evidently ethyl peroxide, as it showed 
the well-knowm perchromic coloration ; it also liberated iodine and 
formed oxygen wdth oxide of silver. Beducing agents decomposed 
it spontaneously, and it exploded as violently as chloride of nitrogen. 

I might furtlier mention suggestions wdiich have been made for 
the purification of ether which has deteriorated. Ether may be 
purified from hydrogen peroxide by shaking with manganese dioxide 
(see Rep. d. Chem.-Ztg., 1889, p. 46). On its purification by means 
of caustic potash, see Allen’s Comm. Organ. Anal., Vol. I., footnote, 
p. 177 : — Ether which is not perfectly free from acid must be 
treated w ith solid caustic potash before use (see ‘‘ Estimation of 
Free Acid in the Contents of the Stomach,” Arch. d. Pharm., 1888, 
p. .34). On the existence of vinyl alcohol in ether, see Poleck and 
Thiimmel (J.C.S., 1800, A., p. 118). 

Hydrogen peroxide may also be eliminated by shaking with per- 
manganate of potash, or by treating the etlier with chromic aci<k 
An ether perfectly free from aldehyde is obtained, according to 
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Crismer, by precipitating the aldehyde with Nesslor's reagent, 
separating the liquids by means of a separating funnel, drying with 
potassium carbonate and redistilling. 

According to M. Ekenberg (J.^.C.L, 1894, p. 62), an ether suffi- 
ciently pure for laboratory purposes is obtained on mixing ordinary 
ether, containing water, alcohol, and oxidation products, with 5 to 
10 per cent, by volume of liquid paraffin, and afterwards distilling 
at from 40° to 50°. 


Commercial Varieties. 

The different varieties are generally given in the catalogues 
with a certain guaranteed specific gravity. For analytical pur- 
poses, undoubtedly only the pure ether described above and the 
quality distilled over sodium should be used. Formerly in- 
ferior ether of 0*730, and even higher specific gravity, was fre- 
quently used for the estimation of fats. On the composition of 
commercial varieties, see under “ Quantitative Estimation.” 


Ethyl Ether, free from Water, Distilled 
over Sodium. 

iF^her Puriss.— Free from water, distilled over sodium 
(CAoO). Mol. Wt., 73*84. Sp. gr., 0*718-0*720; B.p., 
34 ^- 36 ^ 


Tests for Impurities. 

The tests are conducted as under ” /Ether puriss. 0*720 sp. 
gr.” Water shaken with the ether must show neither acid nor 
alkaline reaction. 

Test for Water,— 15 c.c. of the ether are put into a perfectly 
dry test tube and a piece of pure metallic sodium, about the size 
of a pea, is added. Only a very slight evolution of gas should 
take place, and the sodium must show, even after standing for 
six hours, a distinct metallic lustre. 

In a sample not previously treated with sodium the metal, 
during the test, becomes surrounded with a yellowish-white 
coating of sodium hydrate. 

Note. — In the literature on this subject the following tests for 
the examination of ether for water are suggested : — 

(a) Mixing with an equal part of carbon disulphide must produce 
no turbidity (Beilstein, Organische Chemie). 

G 
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(b) On shaking with dry tannin (perfectly dry or air-dry? — 
author’s query) the latter must not liquefy, but remain in the form 
of a powder (TSager). 

(c) Paper coloured blue with coltalt trichloride must not change 
colour (Napier). 

The author has tried further : — 

(d) A lest with dehydrated copper sulphate, which, as is well 
known, turns green or blue in presence of water. He has tested 
various ethers according to methods (a), (b), and (d), and the above 
test with sodium with the following results : — 

1. Ether, sp. gr. 0*72r), stood none of the tests. 

2. Ether puriss., sp. gr. 0*720 — 0*722, stood all tests except the 

one with sodium. 

3. Ether, distilled over sodium, stood all tests. 

The ether puriss. of sp. gr. 0*720, is, therefore, as it stands, fairly 
good as regards freedom from water, and is perfectly adapted for 
most analytical purposes. The product distilled over sodium con- 
tains even less water and alcohol. The last mentioned, as well as 
the ether puriss., sp. gr. 0*720, must be kept in the dark. 

Quantitative Estimation. 

Sec under “ /Ether Puriss.,” p. 94. 

U«es. 

Among other uses, the })urest ether is employed in the* esti- 
mation of alkaloids. For that purpose it must be perfectly free 
from alcohol and heavy oil of wine. (See further under 
“.Ether Puriss.” in the foregoing article.) 

Commercial Varieties. 

Sec under “ iEther Puriss.,” p. 97. 


Ether, Petroleum. 

Benzin petrolei (mther petrolei). The colourless, non- 
fluorescent portions of petroleum which distil over almost com- 
pletely between dO"" and 75°. 

Tests for Impurities. 

Odowr.— The smell must neither resemble tar (coal tar 
naphtha) nor mustard (lignite benzine). The smell must be an 
agreeable one, and not strong. 

Boiling Point —See above. 
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Note. — In estimating the boiling points of samples it must be 
borne in mind that each single fraction contains also considerable 
quantities of lower and higher boiling parts, that is to say, the oils 
boil within considerable limits of temperature, as the temperatures 
at which they have been condensed indicate (see Post, Chem.-techn. 
Analyse, Vol. L, p. 308). 

Quantitative Estimation. 

The quantitative estimation is performed by determining the 
boiling points. 

Uses and Storage. 

Petroleum ether is used as a solvent for alkaloids and many 
other substances. On petroleum ether for forensic purposes, 
see under “ Benzene.” As the compound is highly inflam- 
mable, it is necessary to use the greatest precautions, both in 
the use and storage of it. 

Commercial Varieties. 

The commercial varieties, which vary considerably in their 
boiling points, are exhaustively described in Hager’s Com- 
mentar zur Pharm. Oerm. II., p. 418, ct seq. According to 
Hager, wood spirit is used for adulterating, or acting as a sub- 
stitute for, petroleum ether. 

The likelihood of the so-called coal tar naphtha being present 
may also have to be considered. Hager describes a test con- 
sisting of dropping the ether on to a piece of glass. On testing 
the commercial varieties, see PTager’s Handbuch d. Pharm. 
Praxis. 

According to ¥. Evers (J.S.C.I., 1801, p. 7o3) petroleum 
ethers arc met with in commerce boiling between IIS'" and 110*^, 
and having a decided smell of bitter almonds on testing with 
nitro-sulphuric acid (benzol). This test is given by the Ger- 
man Pharmacopoeia. On distilling 100 c.c. of this so-called 
petroleum ether, the following results were obtained 


Temp. 

Quantity obtained 
on distillation. 

32" 

1 drop 

33" 

5 c.c. 

36" 

10 c.c. 

40" 

20 c.c. 

43" 

30 c.c. 

47" 

,.. 40 c.c. 

51" 

50 c.c. 


o2 
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EUGENOL. 


Temp. 

57 " 

G5^ 

78" 

94" 

105" 

110 " 


Quantity obtained 
on distillation. 

60 c.c. 

70 c.c. 

80 c.c. 

90 c.c. 

95 c.c. 

98 c.c. 


Taking into consideration the irregularity of the boiling 
points, and the evidence of benzene being present, Evers con- 
cluded that th(; petroleum ether in question had been 
adulterated with “hydro-carbon,” or with waste products from 
the manufacture of benzene from hydrocarbon. The latter is 
now obtained in large quantities as a by-product from railway 
companies’ gasworks, and it can be so far purified that it has 
the appearance of a colourless distillate with an odour of ben- 


zene. It contains up to 50 per cent, of benzol and toluol and 
hydrocarbons of the ethylene scries. 

It is necessary to remark, with reference to these experi- 
ments of Evers, that, according to Engler, all crude petroleum, 
whether Eussian or American, contains aromatic hydrocarbons, 
such as benzol, toluol, and xylol. In the preparation of petro- 
leum ether the low boiling portions of the crude petroleum are 
treated with sulphuric acid to eliminate benzol, etc. Should 
the aforesaid treatment be somewhat imperfect, even an un- 
adulterated petroleum ether may contain a small quantity of 
benzol ; it then has a smell of oil of bitter almonds on applying 
the nitro-benzeiie test of the Pharm. Germ. According to L. 
Eeuter and others, even well-known dealers in chemicals were 
unable to supply p(‘troleum ether which stood the said nitro- 
benzol test (I^harni. Ztg. , 1891, |). 270). The author has there- 
fore purposely omitted that test. 


Eugenol. 

Eugenic acid (CioH.^Oa). Mol. Wt., 163*62. Sp. gr. at 
15 , 1*072—1*074 (see Fourth Germ. Pharmacopoeia). 

This substance and also the oil of cloves from which it is 
extracted find a use in microscopy. It is an aromatic liquid, 
and, according to Schimmel, pure eugenol should give a clear 
solution in 1 to 2 per cent, caustic potash solution, have a sp. 
gr. as above at 15", and a boiling point from 253"— 254" (mer- 
cury column wholly immersed in the vapour). The valuation 
of oil of cloves is based on the percentage of eugenol it contains. 
The latter is separated as benzoyl-eugenol, according to H. 
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Thoms, and the method is described, inter alia, in J.S.C.I., 
1893, p. 184; see also Erdmann (J.S.C.I., 1897, p. 1050), who 
found 82 ‘80 per cent, of ciigenol in oil of cloves. 

Fehling’s Solution. 

Also potassio cupric carbonate solutions. 

Fehling’s solution is prepared as follows The purest 
copper sulphate is powdered slightly and exposed to the atmo- 
sphere for twelve hours, all dust being carefully excluded ; 
31‘G3 gms. are now dissolved in 500 c.c. of water. The alka- 
line tartrate solution should be freshly prepared as often as 
possible, and is formed by dissolving 173 gms. Kochelle salts 
in 400 c.c. of water and adding 100 c.c. of caustic soda solution 
containing 516 gms. per litre. Fehling’s solution consists of 
equal proportions of these two solutions, and they should only 
be mixed for immediate use. Each c.c. of Fehling’s solution 
-(J-005 gm. CeH,A. 

Note. Soldaiiii rocoiiinierids, for sugar estirriatioi), potassio-cuprio 
carbonate solution in place of the above, and, according to Ost, this 
solution may be easily prepared by dissolving 23’ 5 gms. copper 
sulphate, 250 gms. potassium carbonate, and 100 gms. potassium 
bicarbonate in water, and making up to 1 litre (J.C.S., 1890, A., p. 
19.s). A detailed account of these copper solutions is given in 
Chem.-Ztg., 1895, Nos. 80 and 81. 

Method of verifying Fehling’s Solution and remarks on its 
keeping qualities. 

According to Borutriiger (J.S.F.L, 1893, p. 1063) Fchling’s 
solution is standardised on a 0‘5- per cent, solution of invert 
sugar, prepared as follows 19 gms. pure saccharose are dis- 
solved in water, 10 c.c. hydrochloric acid of 1 '188 sp. gr. at 15°, 
or 20 c.c. of ITO sp. gr. added, and the solution made up to 
100 c.c. 

After allowing to stand over night, 25 c.c. of the solution, 
with a little litmus tincture added, are neutralised with alkali 
and diluted to a litre with water ; the resulting solution con- 
tains O’ 5 gm. invert sugar in 100 c.c. It is most important 
that the inversion be conducted in the cold. A pure saccharose 
may be obtained by precipitating a filtered solution of refined 
beet sugar with alcohol in the cold, washing with absolute 
alcohol and drying. 

With regard to the keeping qualities of Fehling’s solution, 
the author can corroborate, from personal experience, the fol- 
lowing observations by Borntrager (Zeit. f. anal. Chem., 1895, 
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p. 22 ; and J.C.S., 1895, A. 11. , p. 187) : “ The changes which 
the mixed solution has been frequently observed to undergo 
are caused, as is well known, by the llochelle salts, even an 
alkaline solution of which has often become useless after a 
time, and it is therefore advisable to renew it repeatedly. 
However, if before adding the caustic soda to the aqueous solu- 
tion of the salt, all particles of wood, etc., swimming about 
are filtered off, on now rendering alkaline the solution will 
remain unchanged for a long time, and on boiling with the 
coppt'r solution will not precipitate the cuprous oxide. The 
mixture must be as frc(^ as |)0ssible from iron, as even traces 
produce a greenish colour at the end reaction, the ferrous oxide 
pn'seiit being oxidised in contact with air, and the small 
quantity of ferric oxide thus formed gives a colour reaction with 
the ferro-cyanide in presence of acetic acid. The caustic soda 
and Ttochelle salts employc'd must be free from iron.” 

Formaldehyde. 

Formaldehyde (H C H 0 + Aq.). Mol. Wt. , 29‘93. Clear, 
colourless liquid, with a pungent odour. 

Tests for Impurities. 

/I cidit;//,— Formaldehyde must be neutral, or only slightly 
acid. 1 c.c. of the solution should show no acid reaction after 
adding one drop of normal alkali. 

Sulphuric Acid, Chlorine, Metals.— On diluting the solution 
with 5 parts of water no reaction should take place with silver 
nitrate, barium nitrate, or hydrogen sulphide solution. 

Strength .— liquid must contain 40 per cent, of formal- 
dehyde. 

Quantitative Estimation. ^ 

For quantitative estimation a known excess of normal 
ammonia is added, and after several hours’ standing the solu- 
tion is titrated with normal sulphuric acid, using rosolic acid 
as indicator. Six molecules of formaldehyde correspond to 
four molecules of NH3. An exact description of the analysis 
is given by Bird, J.vS.C.L, 1896, p. 833. Several articles on 
the quantitative estimation of formaldehyde have appeared of 
late in consequence of the uncertain results obtained from the 
methods proposed. Reference to this [)oint is given, inter alia, 
in Fharin. Ztg., 1895. 
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Uses and Storag^e. 

Formaldehyde has recently been adopted for hardening and 
preserving, and gives good results. On the sterilisation of 
cellars, etc., by means of formaldehyde vapour, see an article 
by Windisch, abst. J.S.C.I., 1895, p. 290. 

Commercial Varieties. 

The solution is also sold under the name of ‘ ‘ Formal ’ ’ and 
“ Formalin,” containing 35 to 40 per cent, formaldehyde. 

Fuchsine. 

Itosaniline hydrochloride (C^oHiyNaHCl). Mol. Wt., 33G‘80, 
formerly known as Azaleine, Magenta, Kiibine, etc. 

Large, stable, beetle-green crystals, giving an intensely 
magenta-red solution in alcohol. It is a valuable stain, much 
used in bacteriological investigations; it dyes wool, silk, and 
leather without a mordant, but with cotton a mordant con- 
sisting of tannin and tartar emetic has to be employed. 

Tests for Impurities. 

The general appearance of the sample is, as a rule, a good 
enough indication of its purity, but for use as a stain only the 
purest commercial quality must be used— namely, the well- 
crystallised quality, or the variety known as ” diamond ” fuch- 
sine (the preparation of fuchsine solution is described under 
” Reagents in Solution ” in the appendix). Arsenic, traces of 
which are sometimes present, may be detected by a method 
recommended by Fresenius and Flintz (J.S.C.I., 1888, p. 456). 
Marsh’s test may also be used, the sample being [)reviously 
ignited, and the residue dissolved. 

Mineral impurities can be detected on ignition. Pure fuch- 
sine in soluti(^i is almost completely decolourised by sul- 
phurous acid, while impure samples are rendered yellow and 
brown. In practice the colour is tested by performing a dye- 
ing experiment (Allen, Comm. Organ. Anal, Vol. III., Pt. I., 
p. 388). Fuchsine dissolves in hydrochloric acid, forming a 
yellow solution. Only the purest diamond fuchsine should be 
used for analytical purposes, and the solution should be gently 
warmed and filtered. 

Commercial Varieties. 

The acetate of rosaniline is sometimes found in the market 
under the name of “fuchsine,” and in additiefn to the pure 
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crystallised qualities mentioned above, samples in small 
crystals can be obtained. The impure products in the form of 
an amorphous powder, or in large, irregular lumps, arc called 
“ grenat,” “scarlet,” etc. 

Acid Fuchsine. 

Commercial acid fuchsine, called also Fuchsine S and 
Riibine S, differs from the ordinary fuchsine in composition, 
being the sodium or ammonium salt of rosaniline trisulphonic 
acid. Its aqueous solution is bluish-red, it is nearly insoluble 
in alcohol, and is not acted upon by hydrochloric acid. It 
dyes wool and silk from an acid bath, has only half 
the dyeing power of fuchsine, and is useless for cotton. It is 
used in the formation of certain staining solutions, e.g., the 
methyl green-ora ngc-aeid fuchsine of Biradi. On the fibre, 
fuchsine and fuchsine S have about the same tint, but can be 
distinguished by heating the coloured fibre with a mixture of 
equal parts of hydrochloric acid and water; fuchsine is de- 
colourised, but acid fuchsine is practically unaffected; suffi- 
cient, however, is dissolved to render the solution magenta- 
red. 


Furfurol. 

Furfurol, puriss. pro analysi (C4H3O, COH). A limpid, 
colourless liquid, mixing with water, alcohol, and ether. Sp. 
gr.,IT65. B.p., 160"~162"C. 

Uses and Storage. 

Furfurol is officially recognised in Germany as the test re- 
agent for the prescribed admixture of sesame oil with margarine 
butter and margarine cheese. On its use a8% test for sesame 
oil, see Allen’s Comm. Organ. Anal., Vol. II., Part I., p. 146. 

The above preparation is supplied by Messrs. E. Merck in 
hermetically sealed tubes owing to its liability to become 
coloured through the action of light and air. • 


Qaliein. 

Gallein (pyrogallol-phthalein), according to Dechan, is a sen- 
sitive indicator giving a pale yellow-brown colour in neutral 
solution, and turning rose-red on addition of a slight excess of 
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alkali. Its degree of sensitiveness is recorded in the table of 
Indicators, p. 130, but it is rarely used. Its properties are 
described in Allen’s Comm. Organ. Anal., Vol. III., Pt. I., 
p. 73. 


Gallic Acid. 

Acid, gallic, pur. albiss. cryst. (C6H2(0H)3C02H + H 30 ). 
Mol. Wt., 187-55. 

Fine, silky, colourless, or nearly colourless needles, soluble 
in 100 parts cold water, easily soluble in alcohol. A solution 
of glue gives no precipitate with gallic acid, but with a very 
dilute solution of ferric chloride a bluish-black precipi- 
tate forms. 


Tests for Impurities. 

Volatile Matter.— Alter the ignition of 1 gm. on platinum 
foil no residue must remain. 

Solubility,— The hot aqueous solution (1 : 20) must be clear 
and colourless, or have only a slight yellow tinge. On cooling 
the solution a crystalline precipitate of gallic acid is thrown 
down. 

Sulphuric Acid.— The solution in hot water (1 : 50) must not 
show a turbidity on addition of barium chloride solution and a 
little hydrochloric acid. 


Uses. 

It is sometimes used in the detection of iron salts (in mineral 
water) and free mineral acids (Fliickiger). 

• Commercial Varieties. 

It can be obtained in the market in a very pure state. Its 
properties are exjiaustively described in Allen’s Comm. Organ. 
Anal., Vol. III., Pt. I.,p. 66. 

Gold Chloride. 

Aurum chloratum, pur. : chloroauric acid (Au CU, HCl, 
4HaO). Mol. Wt., 411*02. Yellow hygroscopic crystals, easily 
soluble in water and alcohol. 
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Tests for Impurities and Quantitative Estimation. 

The salt is ignited, the metallic gold remaining is 
then treated with nitric acid, and weighed; the impurities 
present may be determined in the acid washings. According 
to Post (Cheni.-technische Untersuchungen, 2nd Ed., Vol. I., 
p. 667) the best method of analysing the salts of gold is as 
follows :--Thc gold in the chloride and the double salt with 
ammonium is estimated by simple ignition if no other metals 
are present. The salt is heated carefully for some time in a 
weighed porcelain crucible (the heating being conducted gently 
at first) till all the water or aimnonium chloride has been driven 
off : the heating may now be increased until the pure metal is 
left behind. Sodio-gold chloride may be ignited after addition 
of oxalic acid, metallic gold and sodium chloride being formed : 
the former may then be dried and weighed after the sodium 
chloride has been removed by washing. In presence of other 
metals a weighed quantity of the salt is dissolved in water, a 
little hydrochloric acid added, and the metallic gold precipi- 
tated with a solution of ferrous sulphate, ferrous chloride, or 
oxalic acid. The other metals are estimated in the filtrate. 


Uses and Storage. 

Gold chloride is used in microscopical investigations for stain- 
ing cells, and must be kept in well-stoppered bottles. Bolt- 
gers Ozone Paper consists of filter paper saturated with acid- 
free gold chloride solution, and is used as a test for ozone, the 
presence of which produces a violet colour. 


Commercial Varieties. 

There are two kinds of gold chloride : ( 1 ) the yellow chloride, 
and ( 2 ) the brown chloride of gold, the latter being formed by 
concentrating the yellow salt. 

Ihe pure yellow salt (Au CI 3 , HCl, 4 H 3 O) contains about 48 
per cent, metallic gold. Commercial samples sometimes show 
a somewhat higher percentage (about 50 per cent.), owing to 
less water being present. In addition to the above prepara- 
tions the sodio-gold chloride is found in the market in several 
varieties. The salt of the German Pharmacopoeia leaves a 
residue of from 30 to 30'8 per cent, pure gold on ignition and 
treatment with water. It is a dry crystalline powder of a 
golden-yellow colour. 
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Qrape Sugar. 

See under “ Sugar.” 


Quaiacum, Tincture of. 

According to Schar (Pharm. Ztg., 1894, p. 075) tincture of 
guaiacum is best prepared from pure resin (1 : 50 or 1 : 100), as 
giiaiac wood is not so suitable, tannic acids being dissolved out 
at the same time. It is used for three purposes : (1) the detec- 
tion of ozone, and such substances as show the reactions of 
ozonised oxygen ; (2) as a test for blood ; (3) the detection of 
copper or cyanogen compounds. For details regarding the pre- 
paration of the tincture, see loc. cit., or Chem.-Ztg., 1894, p. 
1516. The active principle of the resin is guaiaconic acid, 
which is coloured an intense ultramarine blue by the action of 
ozonised oxygen. The tincture, prepared either with alcohol, 
ether, or chloroform, must be kept in the dark, otherwise it 
loses its property as a reagent. See an article on guaiacum 
resin by Doebner and Liicker, J.C.S., 1897, A., Pt. L, p. 165. 


Haematoxyline. 

Haematoxylin pur. cryst. (Ci 6 Hi 406 , SHaO). Mol. Wt., 
355T6, Bright, pale yellow crystals, soluble in ether, alcohol, 
and hot water. It melts from 100'^ to 120'" with loss of water. 

Tests for Impurities. 

Haematoxyline is tested for ” solubility,” and must dissolve 
in ether to a clear solution. It must also leave no residue after 
ignition on platinum foil, and the crystals must have the 
appearance described above. It dissolves in ammonia, pro- 
ducing a purple colour. 

Uses and Stora^^e. 

The haematoxyline staining solution is extensively used in 
microscopy, and the alum-haematoxyline solutions of Boehmer, 
Frey and others may be referred to here ; these are prepared by 
well-known methods. Haematoxyline is readily soluble in a 
saturated solution of borax, and the ammonia present in the 
atmosphere soon colours il red. It may even become red from 
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absorption of alkali in the glass bottles in which it is kept, 
and as sunlight also produces the same elTect it must therefore 
be very carefully preserved. 

Haematein, Haematoxyline Solution and Haematoxyline 
Paper. 

All haematoxyline solutions (see above) must first ripen be- 
fore they are fit for use, i.c., the formation of haematein must 
first take place through the action of air and light. Haematein 
((CieHioOg), a brown powder) and its ammonium compound 
(dark violet crystals) are used in place of haematoxyline for the 
preparation of these solutions. It is difficult to prepare per- 
fectly soluble haematein. The ammonium salt is prepared by 
dissolving 1 part of haematoxyline in 20 parts of warm water, 
adding 1 part of ammonia and allowing the solution to evapo- 
r^ite spontaneously in a large shallow basin. Detailed descrip- 
tions of haematoxyline solutions arc given in Bolles Lee’s 
Microtomist’s Vadc Mecum, 4th Ed., p. Kil, et seq., and the 
method of ripening these solutions is also given there. 

Haematoxyline also finds use as an indicator for various sub* 
stances, as, for example, the salts of copper, but its use in 
acidimetry and alkalimetry is not possible. Logwood may be 
used in lieu of haematoxyline in preparing the indicator (Mohr, 
Titrirmcthode, 6th Ed., p. 84; and also Cohn, “Indicators 
and Test Papers,” p. 82, ct seq.). 

Haematoxyline Paper is also used in the laboratory ; it is 
white or yellowish-white, but as it is coloured blue by the 
ammonia in the atmosphere it is dillicult to preserve un- 
changed. The paper used in its preparation must first be freed 
from carbonate of lime by treatment with hydrochloric acid 
and water. 


Hydriodic Acid. 

Acid, hydriodicum, pur. (HI). Mol. Wt., I27’54. Colour- 
less liquid, quickly turning yellow in contact with air, through 
absorption of oxygen. 8p. gr., I’50. 

Tests for Impurities. 

Residue.~On ignition of 5 gms. only traces of residue should 
remain behind. 

Metals and Earths . — 10 gms. are diluted with 100 c.c. of 
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water and hydrogen sulphide passed ; no coloured precipitate 
should appear ; the addition of ammonia and ammonium sul- 
phide must also leave the solution unaltered. 

Hydrochloric and Hydrohromic Acid . — A simple method of 
ascertaining whether large quantities of the above acids are 
present is to neutralise with pure caustic potash, evaporate to 
dryness, and, after grinding and drying the potassium iodide 
so obtained, to digest with 12 parts of 92 per cent, spirits of 
wine, in which the iodide dissolves completely. Potassium 
bromide, and particularly potassium chloride, are both diffi- 
cultly soluble in alcohol, as is well known ; thus the larger por- 
tion of either salt would remain undissolved. 

Note. — The fact that chloride of silver is readily soluble in am- 
monia, bromide of silver much less so, and the iodide practically in- 
soluble, presents a method of detecting hydrochloric acid. The 
dilute liydriodic acid solution is precipitated with silver nitrate, 
ammonia added in excess, and the mixture shaken and filtered; if 
the filtrate shows a precipitate on addition of nitric acid in excess, 
hydrochloric acid is present. No notice must, however, be taken of 
a slight turbidity. On the detection of chlorine and bromine in 
iodine compounds, see under ‘‘Iodine” and “Potassium lodate.” 

The quantitative estimation of hydrochloric acid and hydrohromic 
acid, appearing as impurities, is treated of in Fresenius, Quant. 
Anal, Vol I., p. 511. 

Sulphuric Acid. —Tests as under “Hydrohromic Acid,” 

p. 110. 


Quantitative Estimation. 

The percentage is found either from the specific gravity or by 
titration with alkali. 


Sp. gr. of hydriodic acid at 15° (Wright). 


Sp. gr. 

Per cent. 

Bp. gr. 

Per cent. 

Bp. gr. 

Per cent. 

1000 

0 

1-187 

20 

1-438 

40 

1’045 

5 

1-239 

25 

1-533 

45 

1-091 

10 

1-296 

30 

1-650 

50 

1-188 

15 

1-361 

35 

1-700 

52 


Other methods for the quantitative estimation of hydriodic 
acid are described in Fresenius, Quant. Anal. , 7th Ed. , Vol. I. , 
p. 365, et seq. ; also under “ Potassium Iodide ” in this book. 
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Uses and Storage. 

As a strong reducing agent the acid is used for numerous 
organic syntheses, and is recommended by Kuhlmann for the 
detection of nitrous acid (Jiepertor. d. Chem.-Ztg., 1888, 
p. 269). 

K. Benedikt (J.S.C.L, 1892, p. 181) employs hydriodic acid 
of 1*70 sp. gr. in the analysis of lead sulphate ; the acid must 
be carefully preserved in the dark. 

Commercial Varieties. 

These as a rule have densities ranging from 1'50 to TTO, and 
are generally of a yellow colour, owing to absorption of oxygen ; 
this decomposition, caused by atmospheric oxygen, may readily 
occur in dilute or concentrated solutions, the iodine liberated 
remaining in solution until, through further decomposition, the 
point of saturation is reached, when it crystallises out. The 
author has failed to find adulterated commercial samples. 


Hydrobromic Acid. 

Acid, hydrobromic. puriss. (HBr). Mol. Wt., 80*75. Clear, 
colourless liquid— sp. gr., 1*38— containing about 40 per cent. 
HBr. 

Tests for Impurities. 

Residue. -~10 grns. must leave no wcighable residue on 
evaporation. 

Note. — Oil the estimation of the residual matter, see also under 
“ Hydrochloric Acid,” p. 112. 

Sulphuric Acid.—b gins, on dilution with 50 c.c. of water 
and addition of barium chloride should show no reaction after 
twelve hours’ standing. 

Note. — Sulphuric acid can also be detected on evaporation of the 
hydrobromic acid, after the same method as that described under 
“ Hydrochloric Acid,” p. 112. 

Heavy Metals, Arsenic, Alumina and Lime. —As under 

Hydrochloric Acid,” p. 113. 

Hydrochloric Acid.— 2 drops of the acid are diluted with 
4 c.c. of water and silver nitrate solution added ; after shaking, 
6 c.c. of Anmonium carbonate solution are added ; the mixture 
is then heated for a few minutes and filtered. The clear fil- 
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trate must show only a slight turbidity on addition of nitric acid 
in excess (see note under “Bromine,” p. 56). 

Iodic Acid and Iodine . — To 5 drops of the acid are added 5 
c.c. of water, 5 c.c, of ammonia (0’960), and 1 drop of nitrate 
of silver solution. On shaking, the mixture must remain clear, 
or only so slightly turbid that the liquid is still transparent. 

The test can also be conducted as under “Bromine,” p. 55. 

Quantitative Estimation. 

A pure hydrobromic acid solution may be estimated volume- 
trically, or its strength may be gauged by the specific gravity. 


Sp. gr. of hydrobromic acid at 15" (Wright). 


Bp. f?r. 

HBr. 
per cent. 

Sp. gr. 

HBr. 
per cent. 

sp. gr. 

HBr. 
per cent. 

1-000 

0 

1-159 

20 

1-365 

40 

1-038 

5 

1-204 

1 25 

1-445 

45 

1-077 

10 

1-252 

30 

1-515 

50 

1-117 

15 

1-305 

35 


1 


Bor quantitative estimation of bromides, see under “ Potas- 
sium Bromide.” 


Uses and 5torage. 

Hydrobromic acid, even when slightly concentrated, dis- 
solves all native and artificial monsulphides of the metals, mer- 
cury, copper, and lead being dissolved with copious evolution 
of hydrogen. It is supposed to be specially adapted for the 
estimation of sulphur (J.S.C.I., 1884, p. 23), and towards 
organic compounds it behaves much in the same way as hydro- 
chloric acid. It should be kept in a cool place, protected from 
light, and is poisonous. 

Commercial Varieties. 

Samples of varying specific gravities (up to 1*49) are found 
in the market, and the so-called “ Fothergill hydrobromic 
acid ” is employed in medicine. It often contains considerable 
quantities of potassium bitartrate, and must not be confounded 
with the acid used for analytical purposes (Pharm. Ztg., 1888, 
p. 25). 
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Hydrochloric Acid. 

Acidum hydrochloric, pur. cone. (HCl). Mol. Wt., 36‘37. 
Sp. gr. , 1*19. The acid must be clear and colourless, and must 
not emit any smell on dilution with water. 

100 parts by weight of this acid contain 37 ‘23 parts HCl. 

Tests for Impurities. 

General Appearance, Odour, etc.— See above. 

Sulphuric Acid.— (a) 5 gms. are diluted with 50 c.c. of water 
and barium chloride added ; after twelve hours’ standing no 
precipitate must appear. 

(b) 100 gms. should contain no sulphuric acid or only a 
maximum amount of 0*0005 gm. For this test 500 gms. are 
slowly evaporated on a water bath to 1 c.c. and sulphuric acid 
is estimated in the residue, if present. 

Note. — On testing several samples of commercial hydrochloric 
acid puriss. a few years ago, I found scarcely a single sample per- 
fectly free from sulphuric acid, and this after making a careful 
quantitative estimation by the above method. Several samples 
showed the sulphuric acid reaction in the ordinary way of testing, 
namely, on dilution with water, without evaporation of the acid. 
In the pure commercial preparation the amount of sulphuric acid 
ought to be very small, and I have added the above quantitative 
method of testing in order to fix a limit. The pure acid now sold 
generally answers the above test, and owing to the recognition paid 
to the more stringent conditions by the manufacturers, impure 
varieties are now very seldom found. 

Regarding the detection of sulphuric acid, the investigations of 
Biltz (Arch. d. Pharm., 1874, II., p. 149 et seq.), may be indicated 
here. According to that author, acetic acid and the acetates in- 
terfere least with the barium reaction ; on the other hand, hydro- 
chloric and nitric acids and the nitrates in acid solution have the 
principal disturbing influence on the reaction ; between those two 
classes come the nitrates in neutral solution. 

Residue . — 10 gms. must leave no weighable residue on 
evaporation in a platinum capsule. 

Note.— On evaporating large quantities of pure concentrated 
hydrochloric acid, in nearly every case traces of residue remain. I 
generally obtained about one milligramme of residue on evaporating 
50 gms. in a porcelain basin (see also note under “Nitric Acid'’). 
Good commercial samples contain only traces of impurities, so that 
these may be disregarded in most cases in using the acid for 
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analysis; notwithstanding, I thought it a matter of importance to 
call attention to these traces, and 1 have stated the quantities to be 
taken for the estimation of the volatile matter and sulphuric acid, in 
order that poor or less carefully prepared commercial samples (often 
sohl as pure) may be more easily recognised than hitherto. I must 
add to the above notes, which have been taken from the second 
edition of ihis book, that, as already mentioned, mineral acids are 
generally found of late to be of a purer quality than formerly, and 
this not only applies to hydrochloric acid, but also to nitric acid 
and sulphuric. In the better commercial samples of hydrochloric 
acid a 1 ‘esidue, on evaporation of even large quantities in a 
platinum capsule, can scarcely be detected. If a residue is found, 
it may bo due to storage of the acid -in inferior glass, as certain 
kinds of glass are strongly corroded (J.C.S., 1802, A., pp. 410, 411). 

Arsenic, Heavy Metals, Alumina, and Lime.—iM 10 gins, 
are diluted with lOc.c. of water in a test tube, and 5 c.c. freshly 
prepared Hofi water carefully introduced so as to form a layer ; 
on standing for one houi’ in eitlnu- a warm or cool place no 
colour must appear, and no yi'llow ring at the point of contact. 

The test for arsenic in Marsh’s afiparatns should also be 
made as a check, using 50 gins, of the acid, previously evapor- 
ated down with a trace of potassium chlorate, as recommended 
further on. Hydrogen is th(*n |)roduced, as described under 
“ Sulphuric Acid” and ” Zinc,” and subsequently the liquid 
to be tested is introduced ; after the test has been in action half 
an liour, only a very slight trace of deposited arsimic should 
appear in the tube, and this must not take the form of a dis- 
tinct mirror. 

Note. — It IS possible in the case of pure commercial sulphuric 
acid (and also pure zinc) to guarantee the absence of every trace of 
deposit in the Marsh test, but in the case of hydrochloric acid the 
manufacturers cannot give this guarantee; exception, however, 
must not be taken to a very slight deposit. The autlior has tested 
the pure acid obtained from the best sources, in the above way, and 
has nearly always found a small deposit in the tube. Even on test- 
ing the pure acid prepared from very pure well-grown crystals of 
sodium chloride by the action of sulpliuric acid, absolutely arsenic- 
free, he obtained a small trace of deposit in the Marsh test, although 
the same acid (and the afore-mentioned pure commercial samples) 
proved to be perfectly free from arsenic on testing with or by 
Gutzeit or Lohmanii’s method (see further on). Pure hydrochloric 
acid, as it is now put on the market, is quite good enough for most 
laboratory purposes. For forensic investigations an acid is some- 
times demanded which is .perfectly free from arsenic, and stands 

H 
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Marsh’s test, even after evaporation of large quantities (several 
litres), with the addition of potassium chlorate. Such acid is best 
obtained, according to Otto and Beckurts, by treating the ordinary 
acid with a sufficiency of H^S or iron perchloride, and then redis- 
tilling (J.S.C.I., 1886, pp. 534, C02). A number of other methods 
have been proposed for preparing this special acid (see Pharm. 
Ztg., 1897, p. 276; J.S.C.L, 1897, pp. 43, 466, 680), but compara- 
tive investigations must first prove that it is possible by these 
methods to really obtain a preparation on a large scale which can 
be guaranteed free from the slightest deposit in the Marsh appara- 
tus. With reference to this test Otto (Ausmittelung der Gifte, 1884, 
p. 146, et seq., Vieweg, Brunswick) recommends that a certain quan- 
tity of the acid should be evaporated down in a good porcelain 
basin on the water bath, with the addition of a few crystals of 
potassium chlorate, and, if necessary, sufficient water to reduce the 
specific gravity if above 1*104; the residue is then diluted and 
tested. Otto also mentions (/or. cit,, p. 167, at itaq.) precautions to 
be observed in performing Marsh’s test (see also under ‘Wron 
Perchloride,” test for arsenic). Regarding other methods for de- 
tecting traces of arsenic, several of which are based on the forma- 
tion of arseniurettcil hydrogen, the latter being detected, not by the 
above test, but by the reaction with silver nitrate or mercuric 
chloride solution, exhaustive investigations of a compai’ative nature 
have been published by Fliickiger in Arch. d. Pharm., 1889 , p. ], 
at seq. (sec also ,1.C.S,, l 8 i'^}), A., j). fioO). From his ex))erinientH 
Fliickiger finds that of all the methods examined Gutzeit's is the 
most reliable, and gives a sharp reaction. The i)rocess is as 
follows d gm. of chemically pure zinc, and t e.c. of 7 per cent, 
hydrochloric acid are put into a narrow-necked flask of 50 c.c. 
capacity; into the neck of the flask (which should be about H c.m. 
wide), two discs of filter paper are fixed, to retain any moisture 
carried over by the liberated hydrogen ; tlie mouth of the flask is 
covered by a piece of filter paper, previously moistened with a drop 
of .saturated silver nitrate solution acidified' with a little nitric acid. 
The test must be performed in a dimly-lighted room, and, after one 
or two hours’ standing, no yellow or black stain must appear on the 
sj)ot moistened with the silver solution ; a yellow’ stain, turning to 
black tlirough absorption of moisture, shows the presence of arsenic. 

According to Poleck and Thiimmel, the reaction which takes place 
between the ar.seniuretted hydrogen and the strong solution of silver 
nitrate is represented as folloAvs 

AsH^ -f- fiNO^Ag^ 3NO3 H + AsAg3(N03Ag)3. 

The yellow compound so produced is decomposed by water, thus 
A8Ag3(N03Ag)3 -y mfi = 3 NO 3 H -f As(0II)3 -y 6 Ag. 

In conducting this test several precautionary measures have to be 
observed, particular care being taken to ensure a slow evolution of 
\y rogen. As HjS, PH 3 and bbHg have the same effect on the silver 
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nitrate paper, perfectly pure zinc must be used, and the hydro- 
chloric acid must either be free from SOg, or its removal must be 
effected beforehand, e.g.^ by bromine. If all these precautions are 
not taken, it is an easy matter to obtain erroneous results by 
Giitzeit’s method (see Pharm. Ztg., 1889, p. 275; and the articles by 
Fliickiger, loc. cit., also Olio, loc. cU., p. 147). These references 
also prove that the method adopted in the German Pharmacopada 
(II.), of conducting Gutzcit’s test, leads to incorrect results. To 
avoid error in executing this test, according to Ciirtmann (Pharm. 
Ztg., 1891, p. 114 ; see also Analyst, 1891, p. 237), it is necessary 
to have an atmosphere free from coal-gas, or any gas employed for 
lighting })iirposes, and the papers — particularly the thicker ones — 
must be free from dust, and must not be kept in a room where the 
said gases can have access to them. Ordinary paper containing 
woody fibre is quite unreliable. Lohmann (Pharm. Ztg., 1891, 
]). 748, ef seq.) also confirms the unreliable nature of Gutzeit’s test 
on the ground that the paper moistened with silver nitrate is some- 
times coloured when arsenic is not present, and recommends the use 
of mercuric chloride, as advocated by Fliickiger. Lohmann con- 
siders that the use of mercuric chloride renders the test a very 
reliable one, and, although less delicate in its action than silver 
nitrate, is an improvement on Marsh’s test. Unlike silver nitrate, 
tlie mercury salt is quite unaffected by air, light, or moisture. Loh- 
mann describes the test as follows : — 

A piece of filter paper is moistened with a drop of a saturated 
alcoholic solution of mercuric chlori<le, and in this case it is advisablo 
to u .^e paper which has been washed with hydrochloric and hydro- 
flue ric acids. When the alcohol on the surface has evaporated, a 
secyind drop is added and allowed to evaporate, slight application 
of heat being permissilile, and this process is repeated four or five 
times. The paper so prepared is now exposed to the action of the 
gas, and for this purpose an Erlenmever flask of at least 400 e.c. 
capacity is used, and the flask closed with an india-rubber cork, 
into which a small funnel is inserted ; this is covered with the pre- 
pared paper. The acid to be tested is now introduced into the 
flask along with some pure zinc, the height of liquid not being 
allowed to exceed 2’r) c.m. Even when greatly diluted, arseniiiretted 
hydrogen forms a distinct yellow stain with corrosive sublimate; 
even in the presence of very small traces of arsenic a faint but 
distinct yellowish-red colour appears. Very dilute antimonietted 
hydrogen does not change tlie colour of the mercuric chloride, but 
if a large enough quantity is present a brown stain results. For 
details of the method, see Lohmann, lor, rif. It may be remarked 
that the zinc used for the test must be free from sulphur and phos- 
phorus, otherwise the mercuric chloride is affected. The author 
has tested the pure zinc for analysis, and the pure hydrochloric acid 
«f the same description (manufactured by Messrs. E. Merck) by 
Lohniann’s method, and no .reaction was obtained, but, on addition 
of only a few drops of crude commercial hydrochloric acid, con- 
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taiuinn’ arsenic, to the pure acid, the well-known yellow colour 
up])care(l at once. 

Amonj^' oilier methods of detecting:!; arsenic, less delicate than the 
above, Schlickum’s test willi sodium sulphite and tin cldoride may 
be mentioned (Chem. Industrie, 188G, p. 1)2; xVnalyst, 188G, p. ll)j. 
By tliis test, 1/20 mgm. can be detected ; (lutzeit’s test shows 1/1000 
niLtm. Further, there is Bettendorf’s method, consisting in heating 
to boiling 7 c.c. to 8 c.c. of fuming acid in a test tube with about 
1 gni. tin chloride ; in presence of strong traces of arsenic, a brown 
coloi-ation, or a brown precipitate of the metal itself, is formed, as, 
foi' exam})le, in the case of raw liydrocldoric acid, where much 
arsenic is present. According to the German Bharmacopa'ia (IIL), 
liydrocldoric acid is tested for arsenic as follows : -’bo 1 c.c. of the 
acid are added 3 c.c. stannous chloride solution (.b parts crystallised 
stannous chloride mixed to a paste, with 1 part hydrochloric acid, 
and <lry gaseous acid passed through the liijuid till saturated, and 
the li([uid filtered); no coloration must take place within an hour. 
For tlie jireparation of stannous chloride solution, see Appendix. 

(b) 20 gnis. of the acid :u'e diluted with wtiter, a slight excess 
of aininonia added, thmi a few drops aiiuHouiuni sulphide and 
oxalate of auiinonia : even on long standing no change should 
tak(t place', particularly no dark coloration (heavy metals, etc.). 

((') h gms. diluted to 2b c.c. sliould show no red colour on 
addition of a few droj)s of potassium thiocyanate solution 
(iron). 

fd) 20 gms. are diluted with about 200 c.c. of water, the 
liquid is heated, and hydrogem sulphide passed through it for 
about five minutes; no j)r‘('cipitat(' of sulphides must form, 
even after standing for sonu* time. 

Sulphnrom Acid. —On adding a. few c.c. of the acid, diluted 
as at (d), to a little water pnnuously rendered slightly blue with 
iodine tind starch, tin- colour must not be discharged. 

Chlorine.— \ few drops of potassium iodide solution are 
added to 5 c.c. very dilute and freshly prepared starch solution, 
and then a little dilute sidphuric ticid. On adding to this solu- 
tion 1 c.c. hydrochloric acid, diluted as above, no blue colour 
must appear. 

fJydrobromic /led/.— See “Commercial Varieties.” 

Quantitative Estimation. 

Pure hydrochloric acid, previously diluted with water 
(1 . 100), is estimated gravimetrically by precipitation with 
silver nitrate, or voliimetrically with normal alkali. The 
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simplest method of estimation is to tak(‘. the specilic gravity 
(see the following table, p. 118). (Jii th(^ quantitative estima- 
tion of the acid with normal alkali, s(.‘e also Lunge and March- 
lewski (J.S.C.L, 1891, p. oil). The above authors titrate 
with normal alkali previously standardised on normal acid, the 
latter having been standardised gravinietrically on silvei’ nitrate 
or v(dumetrically on sodium carbonate. 

Uses, Storage and Normal Hydrochloric Acid. 

The acid dissolves metals, metallic sulphides, oxides, per- 
oxides, and salts; it is therelon' often used in quantitative and 
qualitative, analysis. It is employed as a test for silver, and, 
in forc'iisic chemical analysis, for the decomposition of organic 
substances, in conjunction with chlorate of ])otash. The acid 
must be stored in a cdlar, in well-stoppertul glass vessels. 

Normal Hydrochloric Acid. 

Tbe solution must contain 3G‘37 gms.’^ of hydrochloric acid 
per litre, and is jirepared by mixing the j)ure concentrated acid 
with water. The acid is first diluted to a specific gravity of 
iMtiO, thus giving an acid slightly stronger than normal (3G'4()). 
The standardising is now comph'bal gravinietrically as in 
making normal sulphuric acid, but in this case by [irecipita- 
tion with silver nitratm Lor precautions to be observed sec 
Sutton, Vol. Anal., 7th Kd., p. -18. The strength may be 
determined voluinetrically on dehydrated sodium carbonate ; 
this method is also mentioned under “ Normal Sulphuric Acid.” 
The purest transparent Iceland spar may be used in place of 
sodium carbonate in this acidimetric method (see Analyst, 
May, 1900, p. 137). Lor prec.autions to \m observed in em- 
ploying the above methods with litmus or methyl orange as 
indicator, see Lunge, “ The Alkali-i\lakers’ Handbook,” 
p. 168. 

Commercial Varieties. 

Schroder calls attention to the fact that he has detected a 
disagreeable smell, and a too strong reaction with perman- 
ganate, even in pure hydrochloric acid; an acid with such 
defects evidently contains organic chlorides (Arch. d. Lharm., 
85, p. 386). Lohmami (Pharm. Ztg., 1889, p. ‘275) found tin 

*See also note under “ Normal Caustic Potash.” 
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Specific Gravities of Hydrochloric 


(Lunge and 


Sp. Ki'. 

at 

4^ 



1 100 parts by weight chemically pure Acid correspond to 

Decrees 

Degrees 











Baumo. 

Twaddell 

Per cent. 
HCl. 

Per Cent. 

Per cent. 

Per cent. 

Per cent. 

(in vacuo). 



Acid of 

Acid of 

Acid of 

Acid of 




18“ B. 

iy“ B. 

20' B. 

21“ B, 

1-000 

0-0 

0-0 

0-16 

0-57 

0-53 

0-49 

0-47 

l-OOo 

0-7 

1 

1-15 

4-08 

8-84 

3-58 

8-42 

l-OIO 

1-4 

2 

2-14 

7-60 

7-14 

6-66 

6-86 

1-015 

2-1 

8 

3-12 

11-08 

! 10-41 

9-71 

9-27 

1-020 

2-7 

4 

4-18 

14-67 

13-79 

12-86 

12-27 

1-025 

3-4 

5 

5-15 

18-80 

17-19 

16-04 

15-30 

i-oao 

4-1 

6 

6-15 

21-85 

20-58 

19-16 

18-27 

l - 0 : i 5 

4-7 

7 

7-15 

25-40 

23-87 

22-27 

21-25 

1-040 

5-4 

8 

8-16 

28-99 

27-24 

25-42 

24-25 

1-045 

6-0 

9 

9-16 

32-55 

80-58 

28-58 

27-22 

1-050 

6-7 

10 

10-17 

36-14 

33-95 

81-68 

80-22 

1-055 

7-4 

11 

11-18 

39-73 

37-38 

34-82 

83-22 

1-000 

8-0 

12 

1219 

48-32 

40-70 

87 - il 7 

36-23 

1-005 

8-7 

18 

18-19 

46-87 

44-04 

41-09 

39-20 

1-070 

9-4 

14 

14-17 

50-85 

47*31 

44-14 

42-11 

1-075 

10-0 

15 

15-16 

58-87 

50-62 

47-22 

45-05 

1 -OHO 

10-6 

16 

16-15 

57 - 89 . 

53-92 

50-31 

47-99 

1 - 0 H 5 

11-2 

17 

17-18 

() 0-87 

57-19 

53-36 

50-90 

1-090 

11-9 

18 

18-11 

64-85 

60-47 

56-41 

53-82 

1-095 

12-4 

19 

19-06 

67-78 

08-64 

59-87 

56-64 

1-100 

18-0 

20 

20-01 

71-11 

66-81 

62-83 

59-46 

1-105 

18-6 

21 

20-97 

74-52 

70-01 

65-32 

62-32 

1-110 

14-2 

22 

21-92 

77-89 

78-19 

68-28 

65-14 

1-115 

14-9 

28 . 

22-86 

81-23 

76-32 

71-21 

67-98 

1-120 

15-4 

24 

28-82 

84-64 

79-53 

74-20 

70-79 

1-125 

16-0 

25 

24-78 

88-06 

82-74 

77-19 

73-64 

1-1 ;jo 

16-5 

26 

25-75 

91-50 

85-97 

80-21 

76-52 

1-185 

17-1 

27 

26-70 

94-88 

89-15 

88-18 

79-34 

1-140 

17-7 

28 

27-66 

98-29 

92-85 

86-17 

82-20 

1-1425 

18-0 


28-14 

100-00 

98-95 

87-66 

83-62 

1-145 

18-3 

29 

28-61 

101-67 

95-52 

89-13 

85-02 

1-150 

18-8 

30 

29-57 

105-08 

98-73 

92-11 

87-87 

1-152 

19-0 


29-95 

106-48 

100-00 

98-80 

89-01 

1-155 

19-8 

81 

80-55 

108-58 

102-00 

95-17 

90-79 

1-160 

19-8 

32 

31-52 

112-01 

105-24 

98-19 

93-67 

1-168 

20-0 


32-10 

114-07 

107-17 

100-00 

95-89 

1-165 

20-8 

33 

32-49 

115-46 

108-48 

101-21 

96-55 

1-170 

20-9 

34 

38-46 

118-91 

111-71 

104-24 

99-43 

1-171 

21-0 


33-65 

119-58 

112-35 

104-82 

100-00 

1-175 

21-4 

35 

34-42 

122-32 

114-92 

107-22 

102-28 

1-180 

22-0 

36 

35-39 

125-76 

118*16 

110-24 

105-17 

1-185 

22-5 

37 

36-31 

129-03 

121-23 

113-11 

107-90 

1-190 

28-0 

38 

37-23 

132-30 

124-30 

115-98 

110-63 

1-195 

23-5 

39 

38-16 

135-61 

127-41 

118-87 

113-40 

1-200 

24-0 

40 

39-11 

138-98 

130-58 

121-84 

116-22 
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Acids of various strengths. 


Marclilewski.) 


Per cent. 


• 

1 Litre contains Kilograms 


Acid of 







22" B. 

HCl. 

Acid of 

Acid of 

Acid of 

Acid of 

Acid of 



18" B. 

19" B. 

20" B. 

21^' B. 

22" B. 

0-45 

0-0016 

0-0057 

0-0053 

0-0049 

0-0047 

0'0045 

8-25 

0-012 

0-041 

0-089 

0-036 

0-084 

0033 

6-04 

0-022 

0-077 

0-072 

0-067 

0-064 

0-061 

8-81 

0-082 

0-113 

0-106 

0-099 

0-094 

0-089 

11-67 

0-042 

0 - 1.50 

0-141 

0-181 

0-125 

0-119 

14 - 5.5 

0-058 

0-188 

0-176 

0-164 

0 - 1, 57 

0-149 

17-88 

0-064 

0-225 

0-212 

0-197 

0-188 

0-179 

20-20 

0-074 

0-268 

0-247 

0-231 

0-220 

0-209 

28-06 

0-085 

0-802 

0-288 

0-264 

0-252 

0-240 

25-88 

0-096 

0-840 

0-820 

0-298 

0-284 

0-270 

28-74 

0-107 

0-880 

0-857 

0-883 

0-817 

0-302 

81-59 

0-118 

0-419 

0-394 

0-367 

0-851 

0-333 

34-44 

0-129 

0-459 

0-481 

0-408 

0-884 

0-365 

87-27 

0-141 

0-199 

0-469 

0-488 

0-418 

0-397 

40-04 

0 - 1.52 

0-589 

0-506 

0-472 

0-451 

0-428 

42-84 

0-168 

0-579 

0-544 

0-508 

0-484 

0-460 

45-68 

0-174 

0-620 

0-582 

0-548 

0-518 

0-493 

48-40 

0-186 

0-660 

0 - 1)21 

0-579 

0-.552 

0-523 

51-17 

0-197 

0-701 

0-659 

0-615 

0-587 

0-578 

58-86 

0-209 

0-742 

0-697 

0-650 

0-620 

0-590 

56-54 

0-220 

0-782 

0-785 

0-686 

0-654 

0-622 

59-26 

0-282 

0-828 

0-774 

0-722 

0-689 

0-655 

61-94 

0-248 

0-865 

0-812 

0 - 7.58 

0-728 

0-687 

64-60 

0-255 

0-906 

0-851 

0-794 

0-757 

0-719 

67-81 

0-267 

0948 

0-891 

0-881 

I 0-798 

0-754 

70-02 

0-278 

0-991 

0-981 1 

1 0-868 

0-828 

0 - 7 a 8 

72-76 

0-291 

1-084 

0-972 

0-906 

0-865 

0-822 

75-45 

0-808 

1-077 

1-011 

0-944 

0-901 

0-856 

78-16 

0-815 

1-121 

1-058 

0-982 

0-937 

0-891 

79-51 

0-822 

1-148 

1-078 

1-002 

0 - 9.55 

0-908 

80-84 

0-828 

1-164 

1-094 

1-021 

0-978 

0-926 

88-55 

0-840 

1-208 

1-185 

1-059 

1-011 

0-961 

84-68 

0-845 

1-226 

1-152 

1-075 

1-025 

0-975 

86-82 

0-858 

1-254 

1-178 

1-099 

1-049 

0-997 

89-07 

0-866 

1-299 

1-221 

1-189 

1-087 

1-083 

90-70 

0-373 

1-326 

1-246 

1-168 

1-109 

1-054 

91-81 

0-379 

1-845 

1-264 

1-179 

1-125 

1-070 

94-55 

0-392 

1-391 

1-307 

1-220 

1-163 

1-106 

95-09 

0-394 

1-400 

1-316 

1-227 

1-171 

1-113 

97-26 

0-404 

1-437 

1-350 

1-260 

1-202 

1-143 

100-00 

0-418 

1-484 

1-394 

1-301 

1-241 

1-180 

102-60 

0-480 

1-529 

1-437 

1-340 

1-279 

1-216 

105-20 

0-443 

1-574 

1-479 

1-380 

1-317 

1.252 

107-83 

0-456 

1-621 

1-523 

1-421 

1-355 

1.289 

110-51 

0-469 

1-667 

1-.567 

1-462 

1-395 

1-326 
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in a number of pure, coinniercial samples. Hager (Pharm. 
Ztg., 1887, 32, p. 98) tests for liydrobromic acid, and gives a 
sharp nu'thod for its deteeiion. A sample of acid containing 
chlorine is mentioned in Pliarm. Zt^, 1888, p. 25, and J.C.8., 
1890, pp. 289, 547. On the subject of tar-like impurities sec 
Arch. d. Pharm., 1887, p. 1004. Bee also notes, pp. 112—114. 


Hydrochloric Acid, Commercial. 

In addition to the pma* acid th(‘ market sup[)lies a crude com- 
mercial hydrochloric acid, and the following chief impurities 
contained in it are mmitioned in tlu' literature on the subject : — 
Bulphuroiis anhydride, sulphuric acid, chlorine, bromine, 
iodine, hydrofluoric acid, arsenic, iron, lime, and the alkalies, 
and, according to L. v. Halle (IMiarm. Ztg., 1897, p. 157), 
traces of mercury have been found. Alcock (Pharm. Post, 
1888, No. 37, p. 587) often found large quantities of sulphuric 
acid in the common yellow commercial acid, one sample show- 
ing 3-34 per c.ent., another 9-97 per cent. TLBO4. The latter 
may lx,' estimated gravimetrically as barium siilfihate, and a 
simple method for its volumetric estimation is mentioix'd by 
liiirup (J.B.t'.P, 1894, p. 904). The author calls attention 
to the fact that a high percentage of sulphuric acid is injurious 
for certain ti'chnical purpose's; commercial hydrochloric acid 
should therefore' not contain more than I to 1 '5 per cent. BO;^. 

The ejuantitative estimation of the.i arseniejus acid present is 
semietimes of importane'c; Buchner {4.S.C.I., 1891, p. 400), in 
estimating the arse'iiious acid in a sample of the crude aciel, 
found 592 gms. AsAN m 100 kile)grams of the acid. Other in- 
vestigations on this pe)int she)w le)wcr figures (J.B.C.P, 1891, p. 
575), 100 kile)grams containing OA to K)’! gms. arsenic. It 
may be mentioned that a crude acid called “ free fre)m arsenic ” 
may be obtained, containing very small traces of arsenic, and 
showing only a very slight mirror in IMarsh’s test. Kretschmar 
recommends the following method for the quantitative estima- 
tion of arsenic (Chem.-Xtg., 1891, p. 299) :-The well-diluted 
solution is nearly neutralised with carbonate of soda ; ammonia 
and ammonium sulphide are then added, and excess of chemi- 
cally |)ure liydrochloric acid ; a strong current of H 2 S is then 
passed through the liquid for two hours, the solution being 
kept warm on a water bath ; at the end of the time stated pre- 
cipitation is complete ; this would not be the case before from 
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fifteen to twenty-fonr hours in the ordinary way. The arsenic 
sulphide is washed, dissolved in caustic potash solution and 
chlorine gas passed, or, better still, bromine added. The 
arsenic is then precipitated, from ii slightly acid solution, with 
ammonia and magnesia mixture, and estimated as arseniate of 
magnesia, but this method of estimation may give rise to in- 
accuracies owing to the means of preventing volatilisation of 
somci of the arsenic being insuflicicmt if the pi’ccipitatc be too 
strongly ignited, and if not sufficiently ignited, part of the 
substance may easily escape conversion. It is therefore better 
to proceed as follows : - After having hastened the settling of 
the magnesia comjiound l)y means of vigorous stirring the pre- 
cipitate is filtered, washed and dissolved into a large |)latinum 
dish by washing the filt(‘r with very dilute nitric acid. It is 
them evaporated, dried, and, after igniting for a short time at a 
red heat, weighed. 


Hydrofluoric Acid. 

Acid, hydrofluoric, finnans. j)uriss. (HF). Mol. Wt., 19’94. 
When placed in a test tube of 1 to 2 c.m. diam. the acid should 
appear colourless. It attacks glass strongly, and fumes in con- 
tact with air. 

Note.- -Soivietiiucs the })ure acid has a slight colour, evidently 
clue to long stainliiig in in(lia-iul)l)er bottles. 


Tests for Impurities, 

Residue. —On volatilisation and ignition of 10 gms. in a 
platinum capsule only a barely weighable residue should 
remain. 

Note.— A carefully prepared sample ought only to give 1 to 2 
mgins. of residue after volatilisation and slight ignition of 50 gms. 
These traces of residue are usually present in other strong acids. 

Sulphuric Acid.— 2 gms. are evaporated to dryness in a plati- 
num capsule on the water bath, and the', capsule washed out 
with 50 c.c. of water ; then 5 c.c. of hydrochloric acid (1 : 124) 
and 1 c.c. of barium chloride solution arc added ; no precipitate 
ought to appear within five minutes. 

Arsenic, Ileaiij Metals, Earths, etc . — 10 gms. are diluted to 
40 c.c. with water. The solution is then heated and HaS 
passed. No yellow or dark-coloured precipitate should appear 
(arsenic, or heavy metals). 5 gms. are diluted with 50 c.c. of 
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water. After successive additions of ammonia (in excess), am- 
monium sulphide, ammonium carbonate, anti ainnioniuin phos- 
phate, no turbidity should appear. 

Silicofl'Koric and Hydrochloric Acids. — See under Quantita- 
tive P^stiination.” The permanganate test is described under 
“ Uses.” 

Quantitative Estimation. 

Hydrofluoric acid in aqueous solution may be estimated by 
normal alkali. When hydrofluoric acid and sulphuric acid arc 
both present in the same solution the total acidity is first deter- 
mined in one portion and the sulphuric acid is then estimated 
gravimetrically in another, the HU present being estimated by 
(lillercnce (Uresenius, Anleitung zur quant. Analyse, 1875, 
Vol. I., p. G43; also a nudhod by W. B. Giles, described in 
Sutton, Vol. Anal., 7tli Ed., p. 106). 

The estimation of silicofluoric in hydrofluoric acid depends 
upon the insolubility of potassium silicofliioride in cold water, 
and the precipitation may bo clfected by means of a suflicient 
quantity of a potash salt. The usual method is as follows : — 
Uotassiiim chloride and alcohol are added to the diluted acid 
and the j)reeipitate of potassium silicofliioride washed with 
dilute alcohol, dried at 100', and weighed. The alcohol must 
be added very carefully, and in not too largo quantities at a 
time, otherwise precipitation of potassium chloride or fluoride 
is apt to ensue. JAjr a rough estimatii of the silicofluoric acid 
present it suflic(;s to [)rcci|)itate with jiotassinm chloride in a 
cold, aqueous solution. I'or further details see Uresenius, 
Anleitung zur qual. cheni. Analyse, (ith Ed. , j)]). 400, 431. Uor 
the accurate ddermination of chlorine, fluorine, silicic acid, 
etc., see under “ Sodium Uluoride.” 


Uses and Storage. 

Hydrofluoric acid is used for the solution of insoluble sili- 
cates, and has recently been employed in the fermentation 
industry for the production of a purer ferment and a larger 
yield. The acid and its salts, even in very dilute solution, 
destroy lactic acid bacteria, but have no effect upon yeast. It 
is very poisonous. 

Regarding the impurities produced through storage in vul- 
canite bottles, W. Hampe (J.S.C.I., 1891, p. 484) remarks 
that chemically pure hydrofluoric acid after keeping for some 
time in the usual vulcanite bottles, decolourises perman- 



BYDROFLUOSILICIC ACID. 


123 


gamte, owing to absorption of oi’ganic substances— a fact 
which must be taken into account in employing the acid in the 
estimation of ferrous oxide in silicates. Alkali is another 
impurity from the same source, and renders the acid which 
contains it useless for the analysis of silicates. Hampe states 
that the acid ought to be manufactured and stored in platinum 
bottles. According to R. Benedikt (Analyst, 1891, p. 180) 
bottles made of pure vulcanite are well adapted for keeping the 
acid used for analytical purposes, but, if ordinary guttapercha 
is used, the acid, after a short time, leaves a large residue on 
ignition, |)rincif)ally consisting of ferric oxide. A sample after 
being kept for a long time in pure vulcanite gave only 0'0005 
gm. residue, using 25 c.e. of the acid. Heriius and Friedheim 
(Zeit. f. angew'. Ohem., 1895* p. ISI) have also found the acid 
on long ke('j)ing to become impure and useless for many analy- 
tical purposes. Friedheim has repeatedly observed that 
commercial vulcanite is strongly adulterated with mineral sub- 
stances. When the acid is kept in caontchoue bottles it easily 
assumes a yellow^ appearance, and portions of the bottle itself 
may even be found in the liquid. As a, rule, however, the 
impurities are so slight that no notice lu^ed be taken of them. 
It has been recommended also to use bottles of white cerasiii. 

Commercial Varieties. 

An acid used for technical purposes may also be had, con- 
taining arsenic, silicofluoric, and sulphuric acids. Among the 
more recent literatun^ on the subject, see Zellner, Zeit. f. anal. 
Chein., 1899 ; Fckelt, Zeit. f. angew. Chem., 1899 ; and Stahl, 
J.S.C.I., 1896, p. 617. 

Hydrofluosilicic Acid. 

Acid, hydrosilicio-fluoric. puriss. (BiFoH;^). Mol. Wt., 
143’97. Clear, colourless liquid. Sp.gr., 1*06. 

Tests for Impurities. 

Residue.—^ gms. must volatilise completely on heating in a 
platinum capsule. 

Metals, etc.— (a) 5 gms. are diluted with 20 c.c. of water con- 
taining a little hydrochloric acid and hydrogen sulphide is 
passed ; no precipitate must appear. 

(b) On adding a solution of strontium nitrate (free from 
barium) to 5 gms. diluted with 10 c.c. of water, no turbidity 
should appear, even after long standing. 



124 IIVDROFrA'OSlLICIC ACID—HYDROOEN TEROXIDE. 

Quantitative Estimation. 

The pcrcenta^A^ may be estimated by titration with normal 
caustic soda, iisin;Lf phcnolphthalein or litmus as indicator; G 
molecules of soda, are equivakuit to 1 molecule hydrofluosilicic 
acid. Tresenius (J.C.S., 1890, A., p. 92G) used 30'8G c.c. 
semi-normal caustic soda in titrating 10 gins, of an acid which 
he employed as a. reagent, with phenolphthalein as indicator. 
100 gms., therefore, contaiiUHl 3'70 gms. hydrofliiosilicic acid— 
Si hT (HF)o + Gi\nX)H-GNaF + 8iG^^^ 1 c.c. normal 

alkali eipials 0’023995 gm. SiFgHo. The following table gives 
the s[)ecilic gravity, with percentage of acid [)resent ; - 


Sp. gr. of hydrofluosilicic acid and percentage of IFSiFe 
at 17’rF (Stolba). 


Sp. 6r. 

I)tr cent. 

Sp. Or. 

H.,SiFa 

per cent. 

Sp. Or. 

H,Sie„ 
per cent. 

Sp. Gr. 

HjSiP,, 
jier cent. 

1-3162 

84-0 

1 - 2-285 

25-5 

1-1166 

17-0 

1-0704 

8-5 

1-8109 

88-5 

1-2285 

25-0 

1-1419 

16-5 

1-0661 

8-0 

1-8056 

88-0 

1-2186 

24-5 

1-1878 

16-0 

1-0618 

7-5 

1-30018 

82-5 

1-2186 

24-0 

1-1827 

15-5 

1-0576 

7-0 

1-2951 

82-0 

1-2087 

28-5 

1-1281 

15-0 

1-0588 

6-5 

1-2898 

81-5 

1-2088 

28-0 

1-1286 

14-5 

1-0491 

6-0 

1-2846 

81-0 

1-1989 

22-5 

1-1190 

14-0 

1-0419 

5-5 

1-2791 

30-5 

1-1941 

22-0 

1-1145 

18-5 

1-0407 

5-0 

1-2742 

80-0 

1-1892 

21-5 

1-1100 

18-0 

1-0866 

4-5 

1-2691 

29-5 

1-1844 

21-0 

1-1055 

12-5 

1-0824 

4-0 

1-2639 

29-0 

1-1766 

20-5 

1-1011 

12-0 

1-0288 

8-5 

1-2588 

28-5 

1-1748 

20-0 

1-0966 

11-5 

1-0242 

8-0 

1-2587 

28-0 

1-1701 

19-5 

1-0922 

11-0 

1-0201 

2-5 

1-2486 

27-5 

1-1658 

19-0 

1-0878 

10-5 

1-0161 

2-0 

1-2486 

27-0 

1-1606 

18-5 

1-0884 

10-0 

1-0120 

1-5 

1-2885 

26-5 

1-1559 

18-0 

1-0791 

9-5 

1-0080 

1-0 

1-2885 

26-0 

1-1512 

17-5 

1-0747 

9-0 

1-0040 

0-5 


Uses. 

The acid is used for the separation of lime and baryta (J.C.S., 
1891, A., pp. 500, 1552; 1892, A., p. 100). 

Commercial Varieties. 

These vary greatly with regard both to specific gravity and 
composition. 


Hydrogen Peroxide. 

Hydrogen, peroxydat. piiriss. (HaOa)^. Mol. Wt.,33‘92. A 
clear, transparent and slightly acid liquid, containing about 3 
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per cent, by weight of hydrogen peroxide, and strongly effer- 
vescing on addition of permanganate solution, the colour being 
discharged. 

Tests for Impurities. 

Sulphiric Acid.~l{) c.c. are diluted with 50 c.c. of water, a 
little hydrochlorie acid is added and the mixture heated to 
boiling ; on adding a few ccm. of l)arium chloride solution no 
reaction must take place after standing for a few hours. 

Alumina, dc.—M) c.c. an' diluted with water, and ammonia 
and ammonium carbonate add('d, at most only a slight tur-’ 
bidity is allowed. 

Phosphoric Acid . — 5 c.c. arc diluted with water, and a few 
ccm. of magnesia mixture added, with excess of ammonia; 
only a slight turbidity should appear. 

Ma(jncsia.—^) c.c. are mixed with ammonia and a few ccm. 
of sodium phosphahi solution; only a slight turbidity should 
appear. 

h'or further tests see under “ Uses and Quantitative Estima- 
tion,” also the following note. 

Free Acid.— It must contain very little free acid ; only a few 
tenths of a c.c. normal alkali should ho used in neutralising 10 
c.c. of a sample. 

Note. — It may be remarked that Jaimasch and Cloedt (Zeit. f. 
anorg. Cliem., LSOa, No.s. 5 and G, p. 403; see also J.C.S., 180G, A. 
II., p. 220) have obtained a preparation, by fractional distillation 
under reduced pressure, and subsequent separation by digestion 
with ether, which left absolutely no residue on evaporation. Thev 
employ this for the quantitative separation of the metals, which de- 
mands a specially pure reagent. For most analytical purposes the 
preparation described here is quite good enough, and leaves but a 
slight residue on evaporation. 

Quantitative Estimation. 

Criticisms on the various methods have ap[)eared by such 
authors as Thoms and Gutzoit (J.8.C.T., 1887, p. 564), and 
Eunge (estimation by the nitrometer, J.S.C.I., 1885, p. 495). 
A detailed description of the nitrometer method is given in 
Winkler’s Gas Analysis, p. 106. 

An easy and practical method is as follows The hydrogen 
peroxide is titrated with a permanganate solution which has 
been previously standardised on oxalic acid, or a solution pre- 
pared directly from the purest potassium permanganate. 
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This method affords an approximate estimation. Decinormal 
permanganate is added to a solution containing 5 c.c. hydro^ 
gen peroxide in 50 c.c. of water and 10 c.c. of dilute sulphuric 
acid (1 : 4), nntil the pink colour remains permanent. One part 
of potassium jiei'inanganate is equivalent to 0 r538 parts of 
hydrogen peroxide. The compound is often sold as contain- 
ing, c.fjf., 10 volumes of oxygen, instead of a guaranteed per- 
centage of the substance itself. This means that the solution 
contains ten times its volume of oxygen, or 3’0382 per cent, by 
weight of hydrogen peroxide. 

Uses and Storage. 

Classen and Bauer (J.C.S., 1883, A., p. 934) were the first 
to recommend its use as an oxidising agent for analytical pur- 
poses, particularly for thi' estimation of sulphur in hydrogen 
sulphide, metallic sulphides, and sulphurous and hyposul- 
phvirous acids. For such estimations, the substance must be 
absolutely free from sulphuric acid and generally answer all 
the t('sts given. These authors also use it for the estimation 
of hydrochloric and hydriodic acids in presence of hydrogen 
sulphide, in which case there must be no trace of the former 
acid ))resent. The commercial article always contains a small 
(piantity of either sulpimric or hydrochloric acid, intentionally 
added to preserve it, a fact which must not be disregarded. 
The hydrogen peroxide puriss., free from HCl, has to be pre- 
pared with sulphuric acid, and that used for suli)hur estima- 
tions, with hydrochloric acid, but otherwise they arc alike with 
regard to ])urity. Wilfarth employs the reagent for nitric acid 
estimations (J.8.C.I., 1888, p. ()92), and calls particular atten- 
tion to the fact that some coinnu'rcial samples contain so much 
phosphate, etc., that a slimy precipitate is formc'd on adding 
caustic soda. Hanofsky (Chem.-Ztg., 1889, p. 99; sec also 
J.S.C.I., 1885, p. 553) eraj)lo3es the peroxide in estimating the 
metals of the iron group. The riiarm. Eundschau, 1893, p. 
15G, has an article on liydrogen peroxide. Baumann has 
based several gasomctric methods on its action on chromic acid 
( J . C . S . , 1892 , A . , pp . 1 03 , 538) . It can be concentrated to 50 
per C(mt.* or even more by distilling off the water in vacuo 

* Since this article was written, the firm of E. Merck have prepared 
a solution of pure hydrogen peroxide containing 30 per cent, by 
weight 1120^, sp. gr. about Mil at Ih'^C. Still more recently 
(J.S.C.I., 1002, p. 986) a solution containing 95-96 per cent, has 
been obtained. The can be crystallised out, the chemically 
pure crystals melting again at — 2'^C. 
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(Pharm. Ztg., 1894, p. 778). In the Plmrm. Ztg., 1888, p. 20, 
mention is made of the fact that up to that time all commercial 
samples had been found to contain phosphoric acid and alumina. 
Scholvien also found nitric acid in the same qualities. Accord- 
ing to Mann (Chem. -Ztg., 1889, p. 1377) these samples con- 
tain magnesium chloride. As the coniiiiercial quality as well 
as that for medicinal purposes are unfit for analytical work it is 
advisable that the purest only should be used. The commer- 
cial product is pure enough for the preparation of oxygen by the 
aid of bleaching powdcT or pcu'mangaiiate (Hep. d. Chem.- 
Ztg., 1889, p. 253). The solution, especially if no acid is 
added, readily decomposes on keeping, and ought therefore to 
be tested from time to time. Explosions have been known to 
occur owing to this decomposition, and as the action is assisted 
by the alkali pre^sent in the glass bottles it is advisable to add a 
few drops of hydrochloric or sulphuric acid. 

The solution should l)e stored in glass bottles, and kept in a 
cool place. See also papers on “Hydrogen I’eroxide ” in 
J.S.CH., 1890. 


Note. Sodium peroxide and bariiiin ]:)eroxide are also used in 
analysis, the former extensively. Sodium peroxide is said to be 
]»referal)le, when lieated to redness, to all otlier oxidising agents 
(^^eit.^ f. anorg. Chem., 1802, p. 10.3). Polech (Chcm.-Ztg., fsOl, 
p. 103 ; also J.S.C.I., 1804, p. 000) calls particular attention to its 
liowerful action. ^ It gives a copious evolution of oxygen on adding 
water, and, on mixing with powdered charcoal and gently heating, 
it ignites wood shavings. It oxidises iodine to periodic acid, 
reduces permanganate, and converts the metallic sulphides into 
sulphates. It is obtained as a pure white substanee on burning 
sodium in dry oxygen, and sometimes contains particles of the 
metal. Fischer and Fiost (Her. d. d. chem. Ges., 181)3, p. 3083) 
mention finding a jar of sodium peroxide containing a (piantity of 
sodium. When thrown into water it dissolves with a hissing sound 
am slight ignition, and has been known to explode and shatter the 
vessel in this way. Regarding its use in analysis, see Zeit. f. anal. 
Ghem., 1895, p. 593, et seq.; and Proc. Chem. 8oc., 1893, p 184- 
J.8.C.I., 1893, p. 868; 1895, p. 771. 

^ Sarium peroxide has been recommended by E. Donath for render- 
ing some substances soluble through ignition, and that author also 
article on the use of barium and hydrogen peroxide 
m P- The substance may be obtained in the 

marjtet, the commercial quality containing about 85 per cent. The 
pure substance is sold in both the hydrated and anhydrous forms. 
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Commercial Varieties. 

See under “ Uses and Quantitative Estimation.” Commer- 
cial hydrogen peroxide solution contains sulphuric, hydro- 
chloric, and nitric acids, as well as arsenic, phosphoric, silico- 
fliioric and hydrofluoric acids, barytes, lime, alumina, and mag- 
nesia. 


Hydroxylamine Hydrochloride. 

llydroxylamin mnriat. piir. : hydroxylamine hydrochloride 
(X()II;,HC1). Mol. Wt., 69‘31. Colourless crystals, easily 
soluble in water and alcohol. 

Tests for Impurities* 

Ammonium Chloride .— alcoholic solution must give no 
precipitate with platinum bichloride. 

Sulphuric /I chi. —The aqueous solution must give no precipi- 
tate with bai'inm chloride. 

Residue.— The product must volatilise completely on igni- 
tion. 


Quantitative Estimation. 

The salt may be estimated l)y Fehling’s solution and other 
methods (Graham-Otto’s Lelirbuch der Chemie, 5th Ed.. Vol. 
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Indicators and Test Papers. 

The more important indicators and test papers have been 
treated of under their special headings, as “ Azolitmin,” p. 41 ; 
“Cochineal Indicator,” p. 71; ” Congo paper,” p. 83; “ Tur- 
meric paper,” p. 321 ; “ Haematoxylinc,” p. 107 ; and, further 
on, litmus, laemoid, methyl orange, and phcnolphthaleiii are 
similarly described. It may be remarked that, as a general 
rule, the depth of colour in the papers should be the same 
throughout, as, with increase of colouring matter, the sensi- 
tiveness diminishes, and vice rersd; the paper employed must 
also be neutral. It must also be remembered, when testing 
the sensitiveness, that some test papers quickly deteriorate. 
On the sensitiveness of indicators, see Lunge and Marmier, 
Zeit. f. angew. Chein., 1897, p. 3. 

Comparative results regarding keeping qualities and sensi- 
tiveness are given belbw. With reference to the use of indi- 
cators in the volumetric estimation of alkaloids, see 0. Linde, 
Arch. d. Pharm., 1900, Vol. 238, p. 121, ct seq. 

1. — Table giving the results of comparative tests for sensitiveness 
of those indicators most generally employed. 

Tlie table compiled by II. Troimnsdorff was published for the first 
time in Bbckmann, Chem.-techn. Pntersuchungsmethoden, 
drd Ed. ; see also Cohn, Imlicators and Test Papers, p. 220. 


Indicator. 

strength of solution. 

No. of c.c. 
indicator ! 
solution 
added 
to 100 c.c. 
water. 

No. of c.c. titrating solution 
employed to produce change 
in colour. 

Phenolphthalem... 

1 : 100 alcohol ... 

0-5 

0’5 c.c. tIL KOH used to 
produce a distinct red 
colour. 

Methyl orange ... 

1 : 200 water ... 

0-05 

OTO 

l0'20 

lic.c. xoiy HCl, .titrated 
/back with 0*9 c.c. 

/ NHg, again acidified 
with 1 c.c. ilhr HCk 
then 1 c.c. jw alkali 
added. The amount of 
indicator used seemed 
of no importance. 

Ethyl orange ... 

1 ; 400 (30 per cent, 
spirits of wine) 

0-2 

3 c.c. A HCl. Evidently 
far less sensitive. 

Tropaeolin 00 ... 

1 ; 400 (30 per cent, 
spirits^of wine) 

0-2 

2‘5 c.c. A HCl. 


I 
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No. of c.o. 


Indicator. 

Strength of Solution. 

indicator 

solution 

added 

No. of c.c. titrating solution 
employed to produce change 



to 100 c.c. 

in colour, 



water. 


Phenacetolin 

1 : 200 alcohol ... 

(0-1 

O’l C.C. ^ KOH; with 



10-2 

0*2 c.c. change of 
colour more distinct. 

Poirrier’s blue ... 

1 : 200 water 

0-1 

Titrated hot, 0'7 c.c. 




KOH, colourless, back 
to violet with 1*2 c.c. 
TOtT HCl. 

Gallem 

1 part commercial 

0*1 

1'2 c.c. xcTT HCl brown- 


product and 2 


ish, slightly bleached. 


parts alcohol 


1‘6 c.c. xnijNHa violet, 
P2 c.c. XM HCl added, 
titrated back with 0*7 
c.c. Toir KOH. 

Fluorescein 

1 : 100 alcohol ... 

0*1 

Fluorescence dis- 
appeared with 0‘5 c.c. 
A HCl. 

Litmus (purified). . 

1 : 10 water 

0*2 

0-05 c.c. HCl, and 

0-1 c.c. x;r‘ KOH 




respectively. 

Azolitmin 

Orange-peel tincture 

1 : 100 water 

0*5 

1*2 c.c. xorr HCl and 

3 c.c. iStt KOH. 

1 : 5 water 

PO 

0*1 c.c. KOH. 

Congo red 

1 : 100 (30 per cent. 

0-1 

0*7 c.c. xUi7 HCl and 


spirits of wine) 


0*6 „ „ NIL ; but 

2*5 „ „ KOH. 

Kosolic acid 

1 : 100 (60 per cent. 

0-5 

0*7 c.c. xSff HCl. 


spirits of wine) 


0*8 „ „ NH,. 

4*1 „ „ KOH. 

Corallin 

1 : 100 water 

0-5 

0*6 c.c. XTT^ HCl. 

0*8 „ „ NH,. 

2*8 „ „ NaOH. 

Carminic acid ... 

1 : 100 water 

0-5 

0*7 c.c. rSu HCl. 

0*8 „ „ NH3. 




1*2 „ „ NaOH. 

Cochineal 

1 : 80 water 

05 

3*0 c.c. xM HCl. 




2*8 „ „ NaOH. 


For the above experiments 100 c.c. of distilled water were 
taken and a little of the colouring matter added ; the standard 
solution was then added until a decided change of colour took 
place. When titrating with acid the solution was generally 
titrated back with a base, and then again with acid, and a 
different base used for bringing back, so that, as a rule, the 
action of the indicator towards acid, fi;xed alkali and ammonia 
was observed. 
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2. — Table giving the limits of sensitiveness of test papers. 
Dieterich, Pliarm. Centralhalle, 1887, p. 498 (Cohn, p. 224). 


Composition of Test paper. 
Reaction towards— 


Blue litmus 

Red litmus 

Turmeric 

Red alkannin ... 
Blue alkannin... 

Logwood 

Brazil wood 

Dahlia’ 

Bilberry 

Elderberry 

Buckthornberry 

Cochineal 

Rhubarb 

Onion skin 

Thcnolphthale'in 

Tropacolin 

Rosolic acid 

Congo red 


Parts of water employed for dilution. 

SO3 

HCl 

KOH 

NH3 

40,000 

50,000 

- 


— 

— 

20,000 

60,000 

— 

— 

18,000 

35,000 

— 

— 

25,000 

80,000 

60,000 

80,000 

— 

— 

— 

85,000 

90,000 

— 

— 

30,000 

80,000 

8,000 

10,000 

8,000 

20,000 

— 

— 

6,006 

15.000 

10.000 

— 

— 

,5,000 

— 

— 

15,000 

35,000 

8,000 

10,000 

— 

— 

— 

— 1 

8,000 

20,000 

— 

— 

8,000 

20,000 

— 

— 

20,000 

— 

10,000 

15,000 

— 

__ 

— 

— 

20,000 

90,000 

2,500 

3,000 

— 

— 


According to Dieterich’s results, alkannin paper must be 
recognised as being very sensitive, but it loses its valuable pro- 
perties after a few days. Very sensitive logwood paper is 
affected in the same way. Congo paper has only a small degree 
of sensitiveness, but litmus and turmeric arc as yet unexcelled, 
both with regard to delicate reaction and keeping properties. 

3. — Table giving the sensitiveness of several test papers for the 
recognition of metals: — 




3 ; 

i 

7)0 

c3 _n 




=3 

oOw 

0 


1 

1 

1 ^ 

PQ« 

to 

(/)■< 

Jo 

Potassium ferrocyanido 








(1) on filter paper ... 

2,500 

2,000 

1 — 

— 

— 

— 



(2) on note paper ... 
Potassium fcrricyanide 

1,000 

300 

— 

— 

— 

— 

— 

(1) on filter paper ... 

— 

— 

40,000 

— 

— 

— 



(2) on note paper ... 
Potassium sulphocyanide 

— 

— 

15,000 

— 

— 

— 

— 

(1) on filter paper ... 

I 5,000 

— 

— 



— 




(2) on note paper ... 
Potassium iodide 

5,000 

— 

— 

— 

— 

— 

— 

(1) on filter paper ... 

— 

— j 



500 

7,000 

1,000 



(2) on note paper ... 
Potassium chromat 

— 

— 

— 

— 

100 

100 

—• 

(1) on filter paper ... 

— 

— 

_ 

2,000 

— 

8,000 



(2) on note paper ... 
^inc sulphide 

— » 

— 

— 

50 

— 

50 

— 

(1) on filter paper 

— 

15,000 

— 

15,000 

7,000 

8,000 

1,200 

(2) on note paper ... 

— 

15,000 

— 

15,000 

3,000 

8,000 

1,200 
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In determining the limit of sensitiveness of starch paper, 
Dieterich takes a solution of 1 part iodine in 25,000 parts of 
water as his standard, and for the potassiiim-iodide-starch 
paper, 1 part of chlorine in 30,000 parts of water. ^Fo prepare 
the f)otassiiim ferrocyanide and other papers, filter paper is 
saturated with a solution (1 : 250) of the respective salt, or, in 
the case of notepaper, the solution is brushed over the paper. 
For the preparation of zinc sulphide paper, see loc. cit. Such 
])apers an' tested as follows : — The filter paper preparation is 
dipped for one or two seconds into the solution of the salt to be 
tested and the change of colour noted. The paper made with 
oi'dinary notepaper is tested hy touching it with one or two 
dro[)s of the solution and noting the colour after one or two 
seconds have elapsed. 


Indigotin. 

Indigotin. puriss. ervst. : indigo blue (C, Mol. 
Wt., 261 'IG. Small, bright crystals, or deep blue powder, 
showing a coppery ri'dection and becoming a dark copper-red 
colour on subj('ction to pressun'.. 

Tests for Impurities. 

Jlrstdnc. —On igniting 1 gm. on platinum foil, the vapour 
must hav(' a line, purpk'-rc'd colour, and only traces of residue 
must remain. 

Quantitative Estimation. 

See “ Indigo,” p. 133. 

Uses. 

It is used in the preparation of the so-called ” Indigo Solu- 
tion,” from indigotin. puriss. cryst. This solution is made by 
slowly dissolving 1 part of indigotin, in small quantities at a 
time, with constant stirring, iji six parts of fuming sulphuric 
acid, and cooling to avoid rise in tenipc'rature. When all the 
indigotin has b('{'n added the vessel is covered, allowed to stand 
for 48 hours, and its conttnits pourc'd into 100 times its volume 
of water ; the solution is then mixed and filtered. 

Indigo. 

Fine, dark blue lumps, showing a bronze streak when rubbed 
with the finger nail. For analytical purposes only the best 
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Java indigo is used (see preparation of “Indigo Solution”; 
also under ” Coniiriercial Varieties”). 

Quantitative Estimation. 

A really accurate, practical method for the valuation of com- 
mercial indigo does not at present exist. Among other 
methods, the following gravimetric process has bccm recom- 
mended (see Bollc^y, Handbnch der chem.-techn. Untersuch- 
iingen) About 2(J0 c.c. of hot alcohol ai’e poured over 5 gins, 
of the powdered indigo, or indigotin, contained in an 800 c.c. 
sto])per(!d dask ; 7 gins, to 8 gins, ofasynpiy solution of caustic 
soda (I'o sp. gr.) arc then added, and the flask completely 
tilled with warm alcohol and stofipered. The solution is allowed 
to stand, with occasional shaking, for sevm’al days, till the 
liquid has completely settled. An aliquot portion is then 
syphoned oh, and a current of air |)assed slowly through it 
until the indigo-white has separated as indigo-blue. The 
crystals are liltered oif, washed first with alcohol, then with 
dilute hydrochloric acid, and finally with water : they are then 
dried and weighed. Beilstein (Ilandbuch d. organ. Chemie) 
considers that this method generally gives too low results, but 
all otlier methods which have been proposed for the assay of 
indigo (Mohr, Titrirmethode, 6th Bd.,p. 800) are not accurate, 
and the results recorded are often too high, in indigo-carmine 
factories (see Woscher, J.8.C.I., 1892, p. 428) a volumetric 
method by titration with jo permanganate is adopted, and is as 
follow^s A good average sample is V(M‘y finely powdenal ; 1 gm. 
is then weighed out and transferred to a 50 c.c. beaker, and 8 
c.c. sulphuric acid containing 10 per c(Uit. anhydiide poured 
over it. The mixture is then heated, with constant stirring, to 
50“ or 60“ on a sand bath. At the luid of tw^o oi’ three hours 
the indigo has dissolved with formation of soluble sulphindi- 
gotic acid, and the solution is then jioured into a litre flask and 
made up to the mark. After shaking well 100 c.c. are drawn 
off into a porcelain basin, 400 c.c. water and 50 c.c. dilute sul- 
phuric acid (1 : 10) added, and the solution titrated with per- 
manganate. When the solution assumes an olive-green tint 
the permanganate is added cautiously, drop by drop, until a 
more or less orange-yellow colour appears. JJie number of 
c.c. are then read off; 1 c.c. ik permanganate^ 0*007415 gm. 
indigotin. The results are satisfactory when the best samples 
are treated, as these do not often contain foreign organic com- 
pounds. 
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Uses. 

Indigo is used for the preparation of the ordinary indigo solu- 
tion (see below), whiidi is employed for the detection and esti- 
mation of nitric acid. 

Commercial Varieties. 

Java indigo ranks as the best of all commercial varieties and 
gefierally contains only the alumina compound, and seldom 
organic impurities. Woscher records a sample containing 74 per 
cent, indigotin (J.S.C.I., p. 4*28). Bengal, Guatemala, 
and (Giinese indigos are sometimes fairly good. In judging in- 
digo from its external properties the chi(d point to observe is its 
degree of softness; the softer the sample and the more easily 
disintegrated, the higher is tiui percentage of the pure com- 
{)ound, as a general rule. As the impurities generally consist 
of lime salts, indigo-gluten, aiid other organic substances, in 
addition to sand and clay, these tend to bind and harden the 
jnass. The best criterion of [)urity is presented by the estima- 
tion of the indigotin as dt'seribed above, or the nudhod by 
titration with j\j |H‘rnjanganate. 

Indigo Solution. 

Soliitio indici. An intensely blue liquid. 

On th(^ solution used in the Lowenthal-Schroder method for 
tannin, se(' p. 135, and indigo solution from indigotin, see p. 
132. The ordinary “ solutio indici” is prepared from Java 
indigo ; for 100 parts of solution, 2*5 parts indigo arc taken and 
dissolved in fuming sulphuric acid as described on p. 132. This 
solution is prcfaired specially for the quantitative estimation of 
nitric acid, and is so standardised that 1 c.c. equals a certain 
quantity of nitric tmid. Generally 1 gm. of the indigo is taken 
in 1 litre of water, and the solution then diluted until 5 c.c. 
give a bluish-greem colour with 5 c.c. of a standard potassium 
nitrate solution (19 '240 gms. KNO.^ per litre), to which 5 c.c. 
sulplniric acid have l)(‘en added. 5 c.c. of the indigo solution 
equal bO mgms. HNO^. 

Indigo Carmine. 

Sulphindigotate of sodium, also called indigotin (CieHgNaOa 
(Na803)2). Mol. Wt., 465'18. Indigo-carmine is obtained 
by precipitating the purified solution of ihdigo in sulphuric acid 



INDIGO-CARMINE. 


135 


with common salt, and filtering; the pasty residue is indigo- 
carmine. Commercial “indigotin ” is indigo-carmine in pow- 
der form, after having been more or less washed and dried. 

Tests for Impurities. 

According to Mierzinski (see Bockmann, Chem.-techn. Un- 
tersiichiingsniethodcn, Berlin, 1893, and Allen’s Comm. Organ. 
Anal., Vol. ITT., Pt. L, p. 301) the quality of indigo-carmine 
may be tested by placing Ji very small quantity of the powder 
on unsized paper (filter paper) ; if the product is impure a 
greenish ring soon forms round the sample ; this docs not occur 
if the carmine has been well dried. To obtain a satisfactory 
result the sample should first be mixed with boiling water. For 
further (jualities demanded of the pure product, see under 
“ Uses.” 


Quantitative Estimation. 

Proceed as under “Indigo,” p. 133. 

Uses. 

Indigo-carmine and indigotin arc used in the preparation of 
standard solutions for the estimation of oxygen and particularly 
for the estimation of tannin by the Lowenthal-Schroder process, 
l^r the latter method, 30 gms. solid, air-dry sodium sulphin- 
digotate are mixed with 3 litres dilute sulphuric acid (1:5, by 
voi.), and to this are added 3 litres of distilled water ; the mix- 
ture is then shaken well till the carmine is dissolved ; it is then 
filtered. Cnly the best indigotin or commercial indigo-carmine 
must be used. Neubauer and Schroder state that preparations 
are found which are perfectly useless for titration with perman- 
ganate, as at the end-reaction the greenish tint does not change 
to pure yellow, but a brown or reddish tint appears, thus ren- 
dering it impossible to tell when the oxidation is complete. It 
is necessary, therefore, to select an indigo which does not show 
this objectionable property in using the method described.* 
d. Konig also obtained varying results with different indigo- 
carmines in the estimation of oxygen in waters (J.C.S., 1892, 
A., p. 98). Indigo-carmine is also used for the preparation of 


* The Lowenthal-Schroder method is described in Bockmann 
Chem.-techn. Untersuchungsmethoden, 3rd Ed., Vol. II., p. 518. 
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the so-called “ blue carmine paper,” prepared by dipping very 
pure filter paper in an aqueous solution of indigo-carmine. 

Commercial Varieties. 

These differ greatly with regard both to purity and per- 
centage of the pure salt. Girardin (Lecons de chim. elGnent, 
2, 618) arranges the carmines into three classes ; he estimates 
the percentage of indigo-blue by |)(n'manganatc and calculates 
to the compound carmimj (CieHyfNaSOalaNoOa), and shows 
the following results 

Ci 6 He(NaS 03 ) 2 N 20 o, Water, Common Salt, 
per cent, per cent. per cent. 

Carmine 1 5*41 ... 76.66 ... 17*93 

Carmine 2 8*56 ... 84*8{) ... 0*64 

Carmine 3 10-14 ... 85*17 ... 4*69 


Iodine. 

loduin resublimatum : iodine (L). At. Wt., 126*54. 
Blackish-brown scales with a metallic lustre, and absolutely 
dry ; soluble in rectified spirits, ether and chloroform ; com- 
pletely volatilised on heating. 

Tests for Impurities. 

Appearance, crystals must be large, of uniform 

appearance, and dry ; on being shaken up in a dry glass vessel, 
no particles must adhere to the sides. 

Residue.~On carefully heating 1 gm. in a small porcelain 
crucible no residue must remain. 

Cyanogen, Chlorine, and Bromine. — 0*5 gm. of the powdered 
sample is shaken up with 20 c.c. of water and filtered : on add- 
ing jxi sodium thiosulphate to a portion of the filtrate till 
decolourised, and then a small crystal of ferrous sulphate, 1 
drop of ferric chloride solution, and a little caustic soda solu- 
tion, and finally applying gentle heat, the solution must not turn 
blue on adding hydrochloric acid in excess. The other portion 
of the filtrate after addition of ammonia in excess and precipi- 
tation with silver nitrate, must give a filtrate which shows 
only a slight turbidity after acidifying with nitric acid. 
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Note. — The foregoing test for chlorine and bromine (taken from 
the Pharm. Germ. III.) seems to call for the observance of certain 
precautions, according to Salzer (Pharm. Ztg., 1S91, p. 472). To 
about 10 c.c. of the aqueous solution are added 1 c.c. ammonia (sp. 
gr. 0'060), and 5 drops of silver nitrate (1 : 19), the mixture is then 
hltered and acidified; should too little ammonia be added the silver 
chloride which eventually forms would remain undissolved, and 
tlius escape detection. For reference to the test for cyanogen, see 
Meineke, J.S.C.I., pp. .471, .o.oO ; J.C.S., 1893, A. II., p. 246. 

Bromine. —Hoe below, under “Quantitative Estimation.” 
Eesublimed iodine must contain from 99 to 100 per cent. 

Note. — According to Meineke (J.S.C.I., 1893, p. .37)0) the moisture 
may be estimated by covering the iodine witli freshly ignited silver 
powder, and then igniting after combination lias taken place. The 
remaining silver iodide is then weighed. 


Quantitative Estimation. 

The well-known method of dissolving a quantity of the 
sample in potassium iodide solution and titrating with 
sodium thiosulphate is the one generally used. 1 c.c. thiosul- 
phate solution = 0'012054 gm. iodijie. 

In the quantitative analysis of resublimed iodine, the most 
practical method is to standardise the thiosulphate solution on 
iodine previously purified by Stas’s process (drying over sul- 
phuric acid and fusing). 

Topf (Zeit. f. anal. Chem. 1887, p. ‘288, ct seq . ; and J.C.S., 
1887, A., p. 997) estimates iodine in a commercial sample (con- 
taining chlorine) by dissolving the iodine in caustic soda solu- 
tion, adding sodium bisulphite and ferric chloride, then excess 
of hydrochloric acid, and distilling till all the iodine has passed 
over into a solution of potassium iodide ; the solution is then 
titrated with thiosulphate in the ordinary way. The process 
is described in detail in the above article by Topf. Topf’s 
method is a modification of the original one by Duflos, accord- 
ing to which the iodine in iodides and hydriodic acid may be 
estimated indirectly, in presence of chlorine and bromine, by 
means of ferric chloride. This method is based on the fact that 
when a solution of an iodide or hydriodic acid is heated with 
ferric chloride, or, better still, with an acid solution of ferric 
sulphate, all the iodine is liberated and a ferrous salt is formed. 
Potassium bromide is not decomposed by ferric chloride, even 
at 100^ (E. Schmidt). The distillation is carried on until no 
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more violet vaj)oiirs appear in the tube; the iodine is retained 
by potassium iodide and estimated in the usual way. Further 
details, see Topf, loc. cit. G. Weiss (J.S.C.I., 1885, p. G89) 
remarks on tlie lar^e amount of bromine (3 per cent.) he found 
in a commercial sample of iodine. This author effects the 
separation of chlorine, bromine and iodine by heating and pass- 
ing a current of air through the substance in presence of a 
fairly concentrated solution of ferric sulphate, the iodine being- 
retained by a concentrated solution of potassium iodide which 
he titrates with sodium thiosulphate. The residue is cooled, 
j)Otassium permanganate added, and heated to 50^ or 60"", and 
again a current of air passed through, the liberated bromine 
being absorbed by ammonia and titrated. The chlorine 
is obtained by difference. The se})aration of chlorine, 
bromine and iodine is described in Fresenius, Quant. Anal. , 7th 
Ed., p. 509, and other text-books; also in this work under 
“ Potassium iodide.” When the halogens exist in the form 
of chlorides, bromides and iodidc^s, the gravimetric method with 
l)a]ladium gives good results. The iodine is precipitated with 
palladium monochloride from a solution slightly acidified with 
hydrochloric acid; tlu' resulting palladium iodide is dried and 
weighed. When the chlorine has also to be estimated*, 
protoxide of palladium is employed. The palladium in the 
filtrate is removed by means of hydrogen sulphide, the latter 
driven off, and the chlorine, and subst'quently the bromine, 
estimated with silver nitrate ; hydrochloric acid must not, how- 
(wer, be used for acidifying. The precipitate of palladium 
inonoiodide is allowed to settle for a day or two before filter- 
ing ; it is then dried at 100 \ at which tem))erature only a trace 
of iodine is lost. Palladium iodide is composed of 29’58 per 
cent. Pd, and 70’42 per cent. I. Pd I 2 is insoluble in water 
and dilute hydrochloric acid, and remains unchanged in con- 
tact with the atmosphere. 


Uses, Storage, and Deci-normal Iodine Solution. 

Iodine is used in the preparation of standard iodine solutions, 
particularly the deci-normal solution, and is extensively em- 
ployed for the numerous quantitative estimations of organic 

* According to E. Schmidt, palladium nitrate produces a precipi- 
tate in solution of bromide of potassium, but palladium mono- 
chloride does not. 
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and inorganic compounds. It is used in microscopical inves- 
tigations for th{3 detection of starch, and in conjunction with 
sulphuric acid for the recognition of amyloid and cellulose ; 
also in the practical testing of paper hy the microscope (see 
Griffin and Little, The Chemistry of Paper Making, p. 443, 
and Kep. d. Chem.-Ztg., 1880, p. 155), and is much used in 
organic synthesis. It must he kept in a cool j)lac(' and closely 
sealed. According to Topf, its poor keeping qualities place it 
at a disadvantage as a standard, not because, as has been 
stated, of its hygroscopic nature,* hut on account of the diffi- 
culty ill [)rotecting it from the particles of dust which adhere to 
the stoppers, these forming with the sublimed iodine a brown 
sticky mass which soon finds its way into the bottle. Iodine 
solutions lose their strength on keeping, and on this account 
Topf, Thon, and Meineke all propose to use the neutral or acid 
iodate of [)otassium as a standard in iodometry (see “Potas- 
sium lodate”). Presenilis (Quant. Anal., Vol. I., p. 371) 
states that the solution of iodine in potassium iodide, even when 
kejit in a darlc, cool place, suffers more deterioration than is 
commonly supposed, and recommends restandardising before 
use. Stas’s method of standardising iodine and thiosulphate 
solutions by means of absolutely pure iodine is di'scribed by 
Fresenius {loc. at.). 

Commercial Varieties. 

In addition to the above di^scribed, raw commercial forms, 
known as I’mglish and Prench iodine, are to be found in the 
market. These varieties sometimes contain sand and mois- 
ture ; even samples of sublimed iodine have been known to 
contain chlorine, bromine and cyanogen. Paw English iodine 
is said to be purer than the French. Tissandier records 
analyses of raw iodine ranging between 76''21 and 94T2 per 
cent, iodine. The author during his investigations has found 
very pure Fjnglish samples containing from 98 to 99 per cent., 
and even more. High results are often obtained on titrating 
commercial iodine with potassium thiosulphate— a fact which 
indicates the presence of chlorine and bromine. Meineke 
mentions having obtained 100’5 per cent, in an impure com- 
mercial sample ; it is therefore necessary to use the method 
adopted by Topf or Weiss (see pp. 137, 138). 

* Meineke proves that iodine, even when placed in contact with 
moist air for some time, only takes up a very small quantity of 
moisture (Chem.-Ztg., 1892, p. 1121). 
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Iodine Puriss. for lodometry. 

This preparation must contain 99'98 to 100 per cent., and 
ought only to be sold with an accurate guarantee of its per- 
centage or purity. It is prepared either by the process recom- 
mended b*y j\Ieineke or by Stas (for details as to the prepara- 
tion and testing, see Meineke, loc. cit.). Iodine purified by 
either of the above mentioned methods may be used as a stan- 
dard in iodometry, and must be kept cool and well stoppered 
(see under “ Iodine ”). 

lodeosin (Erythrosin). 

(C20H8I4O5). 

Mylius and Forster (Berichte d. d. chem. Ges., 1891, Vol. 
XXIV., p. 1483; also Cohn, Indicators and Test-papers, p. 93) 
recommend this indicator for the estimation of minute traces 
of alkali— c.{j., such quantities as water would dissolve from 
glass.* The commercial product is purified by dissolving in 
aqueous ether and shaking the filte.red solution with dilute 
caustic soda. The sodium salt is precipitated from the alkaline 
solution with stronger caustic soda ; the brick-red precipitate is 
washed with rectified spirit and recrystallised from hot alcohol. 
The aqueous solution from the sodium salt is now precipitated 
with hydrochloric acid and the precipitate thoroughly washed. 
The powder, dried at has the composition given above. 

lodeosin is only used for the detection of traces of alkali, such 
as are present in the instance quoted ; the alkali is estimated 
with j^"o 7 ) soliition. The titration may be performed with 
advantage in a small-stoppered bottle, to which from 10 to 20 
c.c. of an ethereal solution of iodeosin are added, with 50 to 100 
c.c. of the solution to be tested. The solution of the indicator 
must not contain more than 2 mgms. per litre of the powder. 
In the presence of free alkali the lower layer shows a pink 
colour on standing. Further details on the process, see loc. 
cit. 

The author considers that for the titration of alkaloids the 
ordinary sodium salt of iodeosin as manufactured by the 
Badische Anilin and Sodafabrik serves the same purpose as the 
purified tetraiodofluorescein of Mylius and Forster. It may be 
mentioned that, under the name “iodeosin,” not only do we 
find the pure tetraiodofluorescein, but also the potash and soda 
compounds, and also diiodofluorescejin with its corresponding 
alkali compounds, which are likewise used as indicators in alka- 
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limetry. Pure tetraiodofluorescem is soluble in ether but not 
in water (provided the water contains no traces of alkali) , while 
the reverse holds with regard to the sodium and potassium salts. 
It is thus an easy matter to differentiate between the base 
itself and its alkali compound. 

Iodic Acid. 

Acid, iodicum pur. (lOaH. Mol. Wt., 174*43. Colour- 
less crystals, easily soluble in water but insoluble in ether and 
alcohol. With the exception of chlorine water, reducing sub- 
stances liberate iodine from the acid. 

Tests for Impurities. 

Residue. —2 gms. must leave no weighable residue on igni- 
tion. 

Solubility .— The acid must dissolve in water to a clear solu- 
tion. 

Quantitative Estimation. 

For the estimation, 0*1 gm. of the iodic acid (or iodate of 
potassium) is dissolved in about 100 c.c. of water, potassium 
iodide added in excess, and souk^ dilute sulphuric or hydro- 
chloric acid ; the iodine liberated is then estimated with thio- 
sulphate, using starch solution towards the end as indicator 
(Sutton, Vol. Anal., 7th Ed., p. 166). 

Uses. 

The aqueous solution of iodic acid forms a strong oxidising 
agent, and is used in organic synthesis. It is a characteristic 
reagent for morphine (Allen, Comm. Org. Anal., Vol. HI., Pt. 
II., p. 318). On the use of iodic acid for standardising pur- 
poses, see C. F. Walker, J.C.S., 1898, A. II., p. 44. 

Commercial Varieties. 

Iodic anhydride (I 2 O 5 ) can also be obtained in the market. 

Iridium Tetrachloride. 

Iridium tetrachloride (IrClJ. A brownish-black hygroscopic 
substance. 

Uses. 

It is recommended by Gustav Eisen (Zeitschr. fur Micro- 
skop., 1897, Vol. XIV., p. 193) as a particularly good fixing 
agent in microscopy. 
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Iron. 


Ferriim (Fe). At. \Vt., 55‘88. 

Iron is used cither in the form of thin bright wire (iron 
wire) or as a grey powder, formed by reduction with hydrogen 
(Ferrum hydrogenio reductum) ; also in the form of ordinary 
briglit-grey iron powder (Ferrum pulveratum). 

I. Iron Wire. 

Iron wire is used for ascertaining the strength of perman- 
ganate solutions (see Sutton’s Vol. Anal., 7th Ed., p. 122), and 
for tliis purpose a thin, soft wire (flower wire), containing about 
0'4 per cent, carbon, is used. 

Note. — If great accuracy is required in the above determination, 
an analysis of the wire must first be made ; in this case the perman- 
ganate solution is first of all standardised on elcctrolytically de- 
posited iron, after the method described by Classen (see W. Crookes, 
Select Methods in Chemical Analysis, p. 161; and J.S.C.I., 1882, p. 
236), and this permanganate solution is then used to determine the 
amount of iron present in the wire, or the impurities may be esti- 
mated (P, Si, C and Mn) and the iron calculated by difference. In 
this way a good permanent means of standardising permanganate 
solutions is obtained, provided the analysis of the iron has been 
carefully and accurately conducted. 


2 , Iron Powder, prepared by reduction with Hydrogen. 

A dull grey powder,* which must contain at least 90 per 
cent, metallic iron, and on solution in an acid must leave only 
O'Ol per cent, of residue. According to the Official German 
“ Arzneibuch,” a preparation passing the above tests is suffi- 
ciently pure for most analytical purposes, e.g., the estimation 
of nitric acid by the reduction method, where it is used in con- 
junction with zinc dust in place of the ordinary iron powder. 


Ihe 1 harm. Germ. III. describes the above as a lustreless pow- 
der, but oil this point I should like to remark that, from my own 
observations, ferrum hydrogen, reduct, prepared exclusively from 
pure iron oxide and hydrogen, on a large scale, always contains in 
greater or lesser degree particles presenting a bright surface. It 
IS therefore wrong to assume that a powder such as this has been 
adulterated with ordinary iron powder; Gliicksmann has evidently 
fallen into this error (see Zeit, des allgein. osterreich. Apotheker- 
Vereins, 1895, No. 36). 
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Note. — The test for arsenic is conducted in Marsh’s apparatus, 
with tlve addition of zinc (Sauttermeister, J.S.C.I., 1891, p. 949). 
Without this addition of zinc any arsenic present would escape 
detection owing to its precipitation in tlie metallic state. The 
arsenic therefore remains as an insoluble residue in the acid after 
the iron is dissolved. The insoluble residue which is obtained on 
dissolving iron in hydrochloric acid should be tested for arsenic 
particularly. Kcduced iron has also been advocated for the quan- 
titative estimation of sulphur in insoluble sulpliides (Treadwell, 
J.S.C.T., 1891, p. 9.51); for that purpose it must be perfectly free 
from sulphur. Tests for sulphur, see under Zinc. 

3. Iron Powder. 

A heavy, bright, fine, metallic powder, containing about 98 
per cent, metallic iron, and of a degree of purity sufficient for 
most analytical purposes, if made according to the specifica- 
tion of the above mentioned ‘‘ Arzneibneh.” The quantitative 
estimation of the metal in this preparation, and the preceding 
one, is conducted in the same way as under “ Zinc Dust,” 
namely, by measuring the hydrogen evolved on addition of acid, 
and calculating the equivalent amount of metal. Eegarding 
the method for the quantitative determination prescribed by 
the Third German Pharmacopoeia, Seubert (Arch. d. Pharm., 
1802, p. 142) affirms that the methods may readily cause in- 
accuracy. Finally, mention may be made of the copper- 
deposited iron powder, a form which has been recommended 
and adopted for the evolution of hydrogen in the estimation of 
nitric acid (Chem. Tnd*ustrie, 1892, p. 90). 


Iron Chloride (Ferric). 

Ferrum sesquichloratum (FcaCle, I 2 H 2 O). Mol. Wt., 
539‘50. Yellow crystalline mass, having a faint odour of hydro- 
chloric acid ; soluble in water, alcohol, and ether-alcohol. 

Tests for Impurities. 

The tests for this salt have been taken from the Third Ger- 
man Pharmacopoeia, a solution containing 1 part of iron 
chloride in 1 part of water being employed. 

Hydrochloric Acid and Clilorme— On approaching the solu- 
tion with a glass rod moistened with ammonia, or a piece of 
paper dipped in zinc iodide and starch solution, there must 
appear neither white fumes, nor a blue coloration on the paper. 
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Arsenic.— On adding 3 c.c. of stannous chloride solution to 
1 c.c. of the solntiqn to be tested, no coloration must take place 
within one hour. 

Note. — Ar.seiuc can also be detected by means of Marsh’s test, but 
it is hardly possible to obtain a commercial arsenic-free ferric 
chloride which can’ stand this severe test. Buchner (Chem.-Ztg., 
18S7, p. 417, also J.S.C.I., 1887, p. 522) calls attention to the fact 
that commercial iron chloride solution often contains large quan- 
tities of arsenic. Great care must be observed in conducting Marsh’s 
test, and Biicliner makes the following observation on this point, loc. 
cif : — ‘‘ Wlierc very small traces of arsenic have to be detected, as 
for examph^ in testing pure liydrocldoric acid to be used 
for forensic purposes, I have known two chemists, using precisely 
the same materials, to obtain such discordant results that one de- 
clared the acid to be j)erfectly arsenic-free, while the other reported 
the presence of a considerable quantity. Tlie reason for this 
diversity lay in the degree of heat applied to the reduction tube; 
while the one chemist, through not having gas in his laboratory, 
used a Berzelius spirit lamp, tlic other used the ordinary bunsen. 
In the first instance no arsenic mirror was obtained even after pass- 
ing the gas for hours through the faintly glowing tube, whereas in 
tlie tube heated by the bunsen a faint arsenical mirror appeared 
after a few minutes. 

I have drawn attention to this case in order to point out that, 
in Marsh’s test, special attention must be paid to the manner in 
which the reduction tube is heated, and to the temperature 
employed.” 

It may also be mentioned that glass often, contains arsenic. Mar- 
shall and Potts (Amer. Chem. Journ., 1888, 10, p. 425) found the 
percentage of arsenious acid (As 20 .d in laboratory vessels made 
from both German and Philadelphian glass to vary from 0‘095 to 
O'dOG per cent. The reduction tube should be made of glass, free 
from lead, according to Otto (Ausmittelung der Gifte); he also con- 
demns (he use of red rubber tul)ing as often containing sulphide of 
antimony. Arsenic is reported as having been detected in vul- 
canised rubl)er tubing*. In testing iron perchloride or liydro* 
chloric acid, ar coating sometimes appears in the tul)e, which is 
almost immediately oxidised to a white film in contact with air; 
this appearance is known as the zinc mirror, and is liable to mis- 
lead the operator ; the arsenic mirror can always be recognised by 
its well-known reaction. It is therefore evident that unless every 
precaution is taken, Marsh’s test may prove a fruitful source of 
error to the careless operator, and in testing iron perchloride, the 
simple test of the German Pharmacopfeia is to be preferred. 

* Unger (J.S.C.I., 1885, p. 354) quotes an analysis of vulcanised 
rubber tubing. 
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Ferrous Chloride.— The preparation is diluted with 10 parts 
of water and acidified with hydrochloric acid; addition of 
potassium ferricyanide solution must not produce a blue colora- 
tion. 

Copper, Nitric Acid^ and Other Impurities.— 5 c.c. of the 
concentrated solution on addition of 20 c.c. of water and excess 
of ammonia solution must give a colourless filtrate, and on eva- 
porating and igniting slightly no wcighable residue must 
remain. If 2 c.c. of this filtrate are mixed with 2 c.c. sulphuric 
acid and 1 c.c. of a solution of ferrous sulphate carefully added, 
no brown ring must appear at the point of contact. Another 
portion of this filtrate, on being acidified with acetic acid must 
exhibit no change on adding either barium nitrate or potassium 
fcrrocyanidc solution. 

Quantitative Estimation. 

The iron is usually precipitated with ammonia and weighed 
as oxide of iron, but the perchloride may also be estimated by 
titrating with sodium thiosulphate, after digestion with potas- 
sium iodide (see Sutton, Vol. Anal., 7th Ed., p. 212). 

Uses and Storage. 

Iron perchloride is used for the detection of thiocyanic, ferro- 
cyanic, salicylic and tannic acids, and also in the preparation 
of organic acids and the decomposition of the phosphates of the 
alkaline earths. The salt in solution ought to be kept in a 
dark place. 


Commercial Varieties. 

Samples containing arsenic and sulphuric acid arc sometimes 
found in the market, and the freedom from Or presence of 
nitric acid in the salt is recognised as a means of distinction 
in commerce. 


Iron Chloride (Ferrous). 

J’errum chloratum (FeCla, 4 H 2 O). Mol. Wt., 198’51. Pale 
green powder, hygroscopic, giving a green solution with its own 
weight of water and 1 drop of hydrochloric acid. 

K 
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Tests for Impurities. 

Oxychloride. — The above-mentioned solution must be green 
or pale green without showing any yellow tinge, and on admix- 
ture with several times its volume of hydrogen sulphide solu- 
tion, only a slight turbidity must appear, due to the separation 
of sulphur. 

Copper, Arnenic, Sulphuric Acid, etc.— These tests are con- 
ducted as under “ Iron Perchloride,” the iron being previously 
oxidised. 

Quantitative Estimation. 

Tlie solution of the salt is titrated with decinormal perman- 
ganate solution. 

Uses and Storage. 

The salt is used in Schlosing’s process for the determination 
of nitric acid. It must be preserved in wcll-stoppcred glass 
vessels. 

Commercial Varieties. 

These often contain considerable quantities of oxychloride, 
arsenic and sulphuric acid. 


Iron Ammonium Sulphate. 

Eerro-ammon. sulphuric, puriss. cryst. ((S 04 ).jFefNEj 2 , 
GHoO). l\fol. Wt., 39r30. Light green crystalline powaicr, 
containing exactly one-sevemth of its weight of iron. 

Tests for Impurities. 

Oxide.— A 5 per cent, solution of the salt in water which has 
been thoroughly boiled and cooled again out of access of air 
ought only to show a slight red colour on adding potassium 
thiocyanate. The quantitative estimation also indicates the 
quality of the salt in this respect. 

Note.-— For preparing a standard solution, the salt must be care- 
fully dried, and must contain 100 per cent, of the compound. The 
commercial salt generally develops small traces of oxide on keeping. 

Quantitative Estimation. 

A permanganate solution is first prepared in the usual way 
(3‘2 grns. KaMnaOg per litre), and standardised on flower wire, 
free from rust (see Sutton, Vol. Anal., 7th Ed., p. 122). The 
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wire"*^ is dissolved in sulphuric acid in a flask with a rubber 
valve, the air being carefully excluded. The estimation of the 
iron salt is conducted as follows 0*7 gin. is dissolved in 50 
c.c. of water acidified with a little sulphuric acid, and the per- 
manganate solution added until a red colour is produced ; the 
(quantity of iron equivalent to 1 c.c. of permanganate solution 
lieing known, it is easy to calculate, from the number of c.c. 
us(hI, the true composition of the double salt. ()’7 part double 
salt must be equivalent to O'l part metallic iron. Another 
method is to titrate separately 1. part of iron and 7 parts of 
the double salt, using the same permanganate solution. The 
same number of c.c, should be used in both cases if the salt has 
the right composition. 

Uses and Storage. 

Ferrous ammonium sulphate, also called “ iron double salt,” 
is particularly recomiiKmded by Mohr for the titration of per- 
manganate solution. According to Pawolleck (ik'r. d. d. chem. 
Ges. XVI. , p. 3008) not only does the salt keep well, but its 
(lecinormal solution also, (dassen, on the other hand, em- 
phasises the point that, owing to th(‘ facility olferc'd by the 
crystals for retaining minute quantities of water, the salt cannot 
1)0 recommended for standardising purposes. Against this, 
Mohr pre]r)ares his salt in the form of a powder, thus consider- 
ably reducing the risk of hygrv/scopical water being present. 
According to him, the salt |)repared from pure materials, stirred 
during crystallisation, is freed from the mother liquor by 
means of the centrifugal ; it is finally dried on filt(U’ paper in a 
moderately warm place until the crystalline powde^r has almost 
the appearance of fine grain sporting powder, d'he carefully- 
dried salt is preserved in well-stoppered bottles. 

Commercial Varieties. 

The salt can either be obtained as ferrous ammonium sul- 
phate', pure for analysis, or in the form of large crystals. 

* It must be mentioned that flower wire generally contains impuri- 
ties to the extent of 0'4 per cent., consisting of carl)on, manganese, 
and copper, therefore 1 gm. of the wire would only correspond to 
b’DOG gm. pure iron. Classen takes pure iron prepared by elec- 
trolysis instead of the former. See under “ Iron,” p. 142. 

k2 
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Iron Sulphate. 

Ferrum sulphuric, puriss. cryst. (FeS 04 , THaO). Mol. Wt., 
277’ Bluish-p*cen crystals or crystalline powder, giving a 
perfectly clear solution with water which has been thoroughly 
boiled. 

Tests for Impurities. 

Copper, Zinc, etc.— ‘2 gms. are dissolved in water, oxidised 
by boiling with a little nitric and hydrochloric acids, the iron 
preci[)itated with excess of ammonia, and the solution filtered. 
One portion of the filtrate must show no change on addition of 
ammonium sulphide; another portion, on addition of acetic 
acid in excess and potassium ferrocyanide, must not indicate 
the presence of copper. 

Other Impurities.— gins, are dissolved in water, oxidised 
with nitric and hydrochloric acids and precipitated with am- 
monia as before; on evaporating the filtrate to dryness and 
igniting, only traces of residue must remain. 

Free Acid and Solubility .—The solution (1 : 20) prepared 
with freshly boiled and cooled water, must he clear and of a 
greenish-blue colour, and must give almost no acid reaction 
with blue litmus paper. It must contain 99 per cent. FeoS 04 , 
7HoO. 

Note. — Altliougli tlie salt may not contain any impurities it is 
not possible to guarantee 100 per cent., as, in the drying process, 
where large (piantities are being treated, a small portion of the 
water of crystallisation escapes very readily. Considering that the 
salt is seldom used for the preparation of standard solutions, this is 
generally of no importance. Biltz (Kritische Notizen zur Pharra. 
Germ., Stenger, Erfurt, 1878) concludes from his observations that 
a preparation containing !)!) per cent, may he demanded. 

Quantitative Estimation. 

To determine the percentage of the salt present, 1 gm. is dis- 
solved in water which has been well boiled ; dilute sulphuric 
acid is then added, and the solution titrated with ^lyperman- 
ganate till a faint pink colour remains; from the number of 
c.c. used the peramtage of FeSO,, 7H.,0 is calculated (Sutton, 
Yol. Anal., 7th Ed., p. 207). 

Uses and Storage. 

Pure ferrous sulphate is used for the detection of nitric acid 
and cyanogen, the estimation of gold, etc., and particularly in 
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the preparation of ferrous ammonium sulphate. If stored in 
well-closed glass vessels, it remains practically unchanged for 
years, according to Biltz {loc. cit.). 

Commercial Varieties. 

Green vitriol may be obtained both in the [)rccipitated condi- 
tion described above and also in the form of beautiful bluish- 
green crystals ; but, according to Biltz Hoc. cit.), the salt keeps 
better in the former condition. The principal impurity is 
oxide, the presence of which is at once seen from the appear- 
ance of the salt. The crystals must not present a grass-green 
appearance, but must have a distinct blue tinge, and no yellow 
coating of the afore-mentioned oxide. The raw salt (copperas) 
often contains copper, manganese, zinc, and sometimes arsenic ; 
a good sami)le of this variety must be fairly transparent, and of 
the appeai'ance already described. 

Iron Sulphide. 

Ferrum sulphuratum, protosulphide of iron (FeS). Mol. 
\Vt., 87‘8f). Bright, heavy, metallic lumps, copiously evolving 
hydrogen sulphide on treatment with acids. 

Tests for Impurities. 

Arsenic.— The ferrous sulphide is decomposed with pure 
dilute sulphuric acid free from arsenic ; the gas evolved is hrst 
washed and then passed into pure arsenic-free nitric acid, the 
latter being then subjected to ^larslFs test. 

Note. — Otto (Aiisinitt clung der Gifte) examined several samples of 
ferrous sulphide by this method, and alwavs found traces of arsenic. 
He, in conjunction with other investigators, considers it advisable 
to use barium or calcium sulphide for the preparation of arsenic 
free H 2 S. Several methods have been proposed for purifying H^S 
prepared from monosulphide. Otto F, v. d. Pfordten (J.S.C.I., 1885, 
p. 403) recommends passing the freshly evolved gas over heated potas- 
sium sulphide. 

Quantitative Estimation. 

The estimation of the sulphur in iron monosulphidc is con- 
ducted, according to Mohr’s Titrirmethode, as follows 0*5 
gm. of the finely-powdered sample is dissolved in excess of 
strong hydrochloric acid, and the gas evolved passed through 
one or, preferably, two receivers containing standard iodine 
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and a little starch solution. After decomposition is completi' 
the exct'ss of iodine solution is titrated with standard sodium 
thiosulphate, the quantity of iodine used representing the sul- 
phur })?'esent. The iron in the generator exists as ferrous 
chlorid(‘, and may be estimated in the cold with standard per- 
manganate. If the ferrous sulphide contains any disulphide 
the latter will remain undissolved. 

Uses. 

Tor the preparation of hydrogen sulphide. ' 

Commercial Varieties. 

The (‘ommercial salt generally contains less than one equiva- 
lent of sulphur. Mohr (Lehrbuch dor Titrirmethode, 6th 
Ed., p. 72^2) analysed some .samples and found 25'93 and 27’IG 
instead of 36’39 })er cent, sulphur. The author, in testing 
samples from various sources, gener'ally found 26 to 
28 per cerd.., and sometinu's as low as 22 f)er cent, of available 
sul})hur. The producers do not generally give a guaranteefl 
percentage, owing to the difficulty in collecting a homogeneous 
sample from the various batches ; notwithstanding this, 24 per 
cent, available sulphur may be demanded. 


Lacmoid and Diazoresorcin. 

I. Lacmoid. 

Dark blue-violet scales, soluble in alcohol, difficultly soluble 
in water. 

Tests for Impurities. 

According to Forster (J.C.S., 1891, A., p. 241), the degree of 
solubility is a most important matter, as it often happens that 
little or no blue colouring matter dissolves on treatment with 
water; it is better to abstain from using such samples. If, 
however, the sunifale imparts a fine blue colour to boiling water 
it may be used with advantage. The alcoholic solution must 
also have a fine blue colour with only a slight violet tinge. The 
purest lacmoid must exhibit the above properties in a marked 
degree, and its solution as an indicator must be sensitive. 
Forster tests the lacmoid solution by comparison with a similar 
litmus solution. He dissolves each compound in water free 
from COa (see p. 163), preserving the same depth of colour, and 
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acidifying by adding an equal number of drops | sulphuric acid 
to both ; he then brings back cautiously, drop by drop, with | 
caustic soda. A good lacmoid solution should give a sharper 
reaction than litmus. For further details regarding such tests 
see “ Uses ” and “ Litmus Tincture.” 

Uses. 

The solution of lacmoid has a peculiar reddish colour which 
instantly turns blue with a trace of alkali. Opinions still differ 
regarding its value as an indicator, but Forster holds that when 
made from good lacmoid it merits precedence over all others, 
even to litmus tincture, for sharp change of tint and purity of 
colour. It is said to be particularly well adapted for nitrogen 
estimations, and to excel litmus for that purpose. On the 
subject of Forster’s investigations, Dr. Niederhiiuser, Wies- 
baden, informed the present author that he was unable to 
obtain good results with the indicator. Forster also recom- 
mends a lacmoid tincture prepared with the addition of mala- 
chite green as being very satisfactory. Niederhauser has 
examined many preparations from various sources (purified at 
once, according to Forster), with and without additions of the 
various mahichite green preparations. Particularly with puri- 
fied samples, he obtained a very sharp reaction using pure water 
alone, but in presence of soda and |)otash salts, and especially 
ammonia, the end reaction w'as obscured by a blue-violet fluor- 
escence with a reddish tinge. The solution must be kept in 
dark* bottles, as in course of time it suffers deterioration from 
access of light, otherwise it is comparatively stable. 

Cominercial Varieties. 

Forster has found laemoids of very poor quality on the mar- 
ket, and in some instances no blue water-soluble substance was 
present at all, and the solution in alcohol had a brownish-violet 
tint w^hich alkalies changed to dark blue. 

3. Diazoresorcin (Weselsky’s Indicator). 

(C,eH,oNA). 

Small, dark red crystals, with a greenish metallic lustre, diffi- 
cultly soluble in alcohol, insoluble in water, and dissolving in 
alkalies to a blue-violet solution. This so-called diazoresorcin 
is the colouring matter of lacmoid in a very pure state, and has 
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been proposed as an indicator. The author, from investigation 
of this substance, considers its action in presence of alkalies 
places it at a disadvantage, as the solution becomes fluorescent, 
and this increases with the purity of the preparation. The tests 
for lacmoid and litmus tincture may be used here. 

Crismer recommends the indicator (which is also called re- 
sazurin, and which, according to him, possesses the formula 
(C 12 H 7 NO 4 )) for standardising acids by means of borax. He 
gives a method Hoc. cit.) for preparing the same (see also Cris- 
mer, J.S.C . 1 ., 1896, p. 618). 

Lacmoid Paper. 

The blue or red paper is prepared by carefully impregnating 
the paper with purified lacmoid solution ; the red paper easily 
turns blue again, and must be kept in well-stoppered bottles. 
Forster (Zeit. f. angew. Chem., 1890, p. 165) found by com- 
parative tests that ordinary blue litmus paper is only a small 
degree less sensitive than blue lacmoid, but that red litmus is 
far excelled by red lacmoid. On the examination of test papers 
sec “ Jndicators,” wdiere the limit of sensitiveness of litmus 
paper is given ; lacmoid ought to be about equal to litmus in this 
respect. For further details see Fdrster (Zeit. f. angew. 
Chem., 1894, p. 166). 


Lactic Acid. 

Acidum lacticum, pur. : fermentation lactic acid (GJlfis). 
Mol. Wt, , 90. A clear, colourless, or only very slightly yellow, 
and odourless liquid of 1*210 sp. gr., containing about 75 per 
cent, anhydrous lactic acid, and giving a clear solution with 
water, alcohol, and ether. 

Tests for Impurities. 

Appearance, Smell, Solubility.— As described above. 

Oxalic, Citric Acids, etc.— On rendering alkaline with lime 
water no turbidity must appear either in the cold (oxalic, tar- 
taric, phosphoric acids) or after heating (citric acid). The addi- 
tion of lead acetate solution, drop by drop, must not produce a 
precipitate (sulphuric or malic acids). 
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Line, Metals, Sulphuric Acid, etc.— When dissolved in 10 
parts of water the solution must not be affected by either hydro- 
gen sulphide, barium chloride, silver nitrate, or ammonium 
oxalate. 

Sugar— On heating slightly, no smell of fatty acids must be 
detected, nor, on carefully adding sulphuric acid so as to form 
a layer, must any colour appear. 

Quantitative Estimation. 

The acid is titrated with normal alkali, 1 c.c. = 0’09 gm. lactic 
acid. A method depending upon its oxidation to aldehyde is 
described by Boas (Deutsche medicin. Wochenschrift, 1893, No. 
39). On the testing of lactic acid , see Ulzer and Seidel , J.C. S. , 
1897, A., p. 389. 

Uses. 

Lactic acid, with the addition of hydrochloric acid, is used as 
a solvent for albuminoids in milk during the fat estimation with 
the lactocrite (J.C.S., 1892, p. 550). In 1 per cent, solution or 
stronger, the acid is used for the elimination of lime in micro- 
scopy. 

Commercial Varieties. 

The acid is sold of varying specific gravity and percentage ; 
coloured qualities for technical purposes may also be obtained. 

Lead. 

Plumbum (Pb). Mol. Wt.,206’40. Soft, bluish-grey metal, 
M.p. 334°. 

Lead is easily soluble in dilute nitric acid. 

Tests for Impurities. 

The analysis of lead is so fully described in well-known 
works on analytical and technical chemistry that these only 
require reference here ; see Sutton, Vol. Anal., 7th Ed., p. 222, 
and Fresenius, Quant. Anal., Vol. II., p. 370, et seq. 

The estimation of silver in lead is a matter of particular im- 
portance in certain analytical processes (see “ Silver ”). 

The best dry method is cupcllation, and the one always 
adopted. In the factory of Messrs. E. Merck, of Darmstadt, 
160 gms. of lead are employed in this test : this quantity is dis- 
tributed over four cupels and then scorified, and what remains 
is subsequently cupelled in one dish. The lead tested after 
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this method must bo perfectly free from silver, or contain only 
a maximiin) amount of 0*001 per cent. ; such lead is sufficiently 
pure to be used as free from silver for assaying purposes. 

Quantitative Estimation. 

See above. 


Uses. 

Lead, free from silver, is used analytically for the estimation 
of silver by the dry method (see above). 

Commercial Varieties. 

In addition to lead, free from silver, for analysis, ordinary re- 
fined lead (soft lead) can be obtained in a very pure state in 
the market, containing from 99*96 to 99*99 per cent, metal, 
and also crude lead and hard lead, containing 95 to 99 per cent. 
(Fresenius, Quant. Anal., Vol. 11., p. 370). 


Lead Acetate. 

Plumbum aceticum puriss. Acetate of lead. (PlACaHaOala, 
3HoOj. Mol. Wt., 378*40. 

Colourless, lustrous, transparent crystals, easily soluble in 
water. 


Tests for Impurities. 

Alkalies, Alkaline earths, etc.—l) gms. of the acetate are dis- 
solved in about 100 c.c. of water and the lead precipitated with 
hydrogen sulphide. The filtrate is then evaporated to dryness, 
and on ignition only trac(‘s of residue should remain. 

Copper and Iron , — 2 gms. are dissolved in about 40 c.c. of 
water, the lead precipitated with ammonia, and the precipitate 
allowed to settle ; the latter must be white, not yellow, and the 
supernatant liquor must not be coloured blue. 

Chlorine,— The solution (1 : 30) must show no change after 
acidifying with nitric acid and adding silver nitrate solution. 

Nitric Acid.— The solution (1 : 30) is rendered faintly blue 
with a drop of dilute indigo solution ; on addition of half the 
volume of concentrated sulphuric acid the colour must not be 
discharged. 
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Quantitative Estimation. 

Lead is estimated by precipitation with sulphuric acid as 
lead sulphate, or as lead sulphide (with H 2 B). For the analysis 
of acetate of lead see Sutton, Vol. x\nal., 7th Ed., p. 90, and 
Fresenius, Quant. Anal., Vol. II., p. 378. 

Uses and Storaj^e. 

In the analysis of inorganic substances lead acetate is used 
for the estimation of chromic and molybdic acids, and it is 
furthi'r employed for the precipitation of tannins and colouring 
matter in the analysis of plant juice, and also for the precipita- 
tion of such orgaJiic acids as malic and oxalic. 

Lead jiaper is prepared by soaking filter paper in pure aqueous 
solution of acetate of lead, and is used for the detection of hydro- 
gen sulphide. 

Acetate of lead should be carefully stored in glass bottles. 

Commercial Varieties. 

Two varieties of this salt exist in the market under the 
names of puriss. and commercial. The latter preparation can 
easily be distinguished by its yellow or blue tinge, and it con- 
tfiins iron, copper and alkali. The pure commercial acetate 
often shows a blue colour, which Schni'ider {Pharm. Ztg., 1895, 
Xo. 76) concludes is due to a mechanical admixture of prussian 
blue. 


Lead Carbonate (Basic). 

Plumbum carbonic, puriss. (*2 PbCO^, PblOHia). Mol. Wt. , 
772'90. Pure white powder, soluble in water. 

Tests for Impurities. 

Lead, Copper, Alumina, etc.— These are tested for as recom- 
mended under “Lead Oxide,” and the tests for nitric acid 
and chlorine are also detailed there. 

Acetic Acid.— On heating in a test tube no darkening should 
appear. 

Quantitative Estimation. 

As under “ Lead Oxide.” 

Uses. 

Lead carbonate is sometimes used for the precipitation of 
tannins in vegetable extracts, and on its use as a decolourising 
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and clarifying agent for urine, wines, etc., see Morfarzo, 
Pharm. Ztg., 1898, p. 887. 

Commercial Varieties. 

Often contain copper and chalk. 

Lead Chromate. 

riumbinn chromicum pur. : chromate of lead. (Cr 04 Pb). 
Mol. \Vt., 322T)8*. 

Heavy powder of a yellowish-brown colour, or in the form 
of small brown lumps. 

Tests for Impurities. 

Organic Substances , carbon dioxide must be given off 
on ignition. 

Substances soluble in uHiter.—b gms. of the substance are 
shaken with hot water and filtered ; the filtrate must leave no 
residue on eva])oration. 

Quantitative Estimation. 

According to Mohr (Titrirmethode, 6th Ed., p. 771) the fol- 
lowing is a suitable method for the estimation of chromic acid 
in chromate of lead. The chromate of lead is finely powdered, 
a quantity is then weighed out and transferred to a flask to- 
gether with a weighed quantity of ferrous ammonium sulphate 
dissolved in a little water, and finally a large number of glass 
beads are added. The mixture, after having been thoroughly 
agitated, so as to form a fine emulsion, is treated with dilute 
hydrochloric acid, and the flask closed with a rubber valve. 

The mixture is quickly boiled to drive off air, the flask then 
placed on a sand bath, and heated till the reaction is over. As 
decomposition goes on slowly, it is necessary to avoid access 
of air to prevent oxidation of the ferrous salt. Any undecom- 
posed yellow chromate will be easily detected at the bottom 
of the flask. Lead chloride separating out also shows a yellow 
colour in the iron solution, but it can easily be distinguished 
from the chromate. When all decomposition has ceased the 
solution is cooled, washed into a beaker and diluted, taking 
care to wash the glass beads thoroughly, and the remaining 
ferrous salt titrated with potassium permanganate or bichro- 

* On the composition of lead chromate, see under “ Commercial 
Varieties.” 
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mate. The estimation is conducted according to the following 
example 1 gm. of lead chromate was digested with 4 gms. 
of ferrous ammonium sulphate : after dilution it required 7 ’2 
c.c. of a standard permanganate solution to produce a per- 
manent red colour. The 4 gms. of ferrous salt contain 
f = 0’591 gra. Fe, and after substracting 0’072 gm. Fc (=^the 
equivalent of 7'2 c.c. permanganate solution) we obtain 0’519 
gra. Fe, which, multiplied by 1*926 gives 0*9995, instead of 
1 gm. originally taken. The chromate must be previously dried 
at lOO'^C before weighing out. 

If the lead is to be cstimat(Hl, the salt must be decomposed 
with concentrated hydrochloric acid and alcohol, and a further 
quantity of alcohol added when cool ; the precipitated lead 
chloride is collected on a filter, dried at 120'', washed with 
alcohol, and weighed after drying again. 

Uses and Storage. 

Ijead chromate is used in the ultimate analysis of organic 
compounds to facilitate the combustion of substances trouble- 
some to ignite, and also those containing sulphur. In the 
combustion of substances which are very dilhcult to burn it is 
advisable to add to the chromate 1-IOth of its weight of fused 
and powdered bichromate of potash. Lead chromate must be 
kept in glass-stoppered bottles, carefully protected against dust. 

Note. — We may here mention the ortho plumbatcs of the alkaline 
earths, discovered by G. Kassner. Of these the calcium ortho plum- 
bate (Ca 2 Pb 04 ) is said to be particularly suitable for the combustion 
of organic substances, see also Kwasnik, Arch. f. Pharm., Vol. 22(S, 
Part IV., 1890; and J.S.C.L, 1890, p. 187 ; 1891, p. 160. 

Commercial Varieties, 

Cdiromate of lead can bo obtained in the market for technical 
and analytical purposes. For technical purposes the neutral 
chromate of lead (chrome yellow) is employed as a colour, as 
also the basic chromate of lead (chrome red) and a mixture of 
basic and neutral chromate under the name of chrome orange. 
The colour of the basic salt varies, according to its method of 
preparation, from a dark vermilion to a dull red lead colour. In 
the neutral salt it varies from lemon yellow to reddish yellowy 
and, after fusion, to a dark brown. The commercial chrome 
colours are sometimes adulterated with clay, barytes, lead sul- 
phate, plaster of Paris, and chalk. For analytical purposes 
lead chromate, pure fused, and pure powdered, arc obtainable 
in the market. 

The former is prepared by melting the pure neutral salt. As 
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the neutral salt, on being heated above the melting point, 
decomposes into chromic oxide and basic salt, the fused chro- 
mate of lead nearly always contains the basic salt. On the 
subject of impurities in chromate of lead, used for ultimate 
organic analysis, H. Eitthausen and N. N, Lubavin draw atten- 
tion to the presence of carbon dioxide* (Zeit. f. anal. Chem., 
1887, p. 629). Nencki asserts that he has detected in a lead 
chromate obtained from a chemical factory in Northern Ger- 
many, a deliberate adulteration wdth lead oxide (Anzeiger der 
Akademie der Wissenschaften in Wien, 1889, No. 11, and 
J.S.C.l. , 1889, p. 822). On this point the present autlior would 
like to remark that tlu' method Nencki employed to detect the 
adulteration is wrong. Nencki treated the chromate v\ith 
dilute acetic acid, and from the fact of some lead dissolving in 
the acetic acid he came to the conclusion that it had been adul- 
terated with oxide, but as it is well known that basic chromate 
of l(‘ad dissolves in acetic acid, and as the basic salt is readily 
formed in fused chromate of lead (q.r,), it must not be con- 
cluded that the kaid chromate had been adulterated with oxide 
because some k'ad was dissolv(‘d by acetic acid. The best and 
safest method of deh'cting adulteration is to quantitatively esti- 
nude the lead and chromic acid as recommended above by the 
author. For other imf)urities, such as plaster of Paris, barytes, 
etc., which, as already remarked, are found as admixtures in 
commercial chrome colours, S(‘e C. 0. Weber, J.S.C.L, 1885, 
p. 671. 

The author has examined the pure lead chromate from 
various factories without finding adulteration, but a few' of the 
samples weve not carefully prepared, and evolved carbon 
dioxide on ignition. 

Lead Oxide. 

Plumb, oxydat. puriss. : oxide of lead (PbO). Mol. Wt., 
222‘b8. Pure lead oxide is a lemon coloured or reddish-yellow 
powder. 

Tests for Impurities. 

MctfilJic Lend, Copper, Ahmina, Carbonic Acid, etc.— 5 c.c. 
of water arc poured over 2 gms. of the lead oxide in a test tube, 

* lleceiit researches have sliown that it is not possible to supply a 
lead chromate absolutely free from CO2. On testing with barium 
hydrate there is always an unavoidable turbidity. It is therefore 
necessary to ignite the lead clironiate immediately before the com- 
bustion test, as in the case of copper oxide. 
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and then acetic acid slowly added in excess. No evolution of 
carbonic acid should take place. The solution obtained in this 
way should be clear or only slightly cloudy, and should lea/e 
only a very small amount of residue. The acetic acid solution 
is precipitated with sulphuric acid ; the filtrate should neither 
show a flocculent precipitate of alumina nor a blue colour on 
addition of ammonia in excess. On adding oxalate of am- 
monia to this solution no turbidity, or only a very slight one, 
should appear. 

Nitric Acid and Chlorine —On colouring a dilute acetic acid 
solution of lead oxide with a drop of indigo solution, and add- 
ing concentrated sulphuric acid, the blue colour should not dis- 
appear. A solution (I : 30) in dilute nitric acid must not show 
a cloudiness on addition of nitrate of silver solution. 

Quantitative Estimation. 

The lead oxide is dissolved in dilute acetic acid and the lead 
()reci[)itated with hydrogen sul|)hide. The |)reci()itate of lead 
sulphide is washed, dried, and ignited in a current of hydrogen, 
and after adding some flowers of sul(.)hur, weighed. For details 
as to this method and others for the estimation of lend, see, 
infer alia, Fresenius, Quant. Anal., Vol. I., p. 241; Yol. II., 
p. 37C). Fresenius Hoc. cit.) descril)es a jnethod for examining 
commercial lead oxides. 

Uses and Storage. 

Ihire lead oxide is used in the analysis of organic substances 
containing chlorine, bromine, or iodine (Fresenius, Quant. 
Anal., Vol. 11., p. 08). It is us(h1 further for the saponifica- 
tion of fats and for elTecting the solution of minerals by fusion, 
and should be stored with the same precautions as the chro- 
mate. 

Commercial Varieties. 

1 have examined samples of plumb, oxydat. puriss. from 
various sources, and have several times found them to contain 
a considerable quantity of lead carbonate (10— 20 per cent.). 
They often contain also alumina and copper, and some samples 
have a red colour owing to the presence of a considerable quan- 
tity of red lead. 

In addition to pure lead oxide, “ litharge,” used for technical 
'Tud pharmaceutical purposes, can be obtained in the market. 
The impurities of this preparation are chiefly metallic lead, red 
lead, copper, lead carbonate, and calcium carbonate. Salzer 
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(Bep. d. Chem.-Ztg., 1889, p. 26) found basic lead nitrite in a 
sample ; this litharge was evidently obtained as a by-product in 
the manufacture of nitrites. E. Beichardt (Bep. d. Chem.- 
Ztg., 1889, p. 257) detected in commercial litharge 14.55 per 
cent, barytes. Methods for the examination of “litharge” 
and “ red lead ” (Pb 304 ), a product sold for technical purposes, 
are described in text-books on analytical chemistry. On the 
purity of commercial red lead the following observations by B. 
Eriihling (J.S.C.I., 1889, p. 203) may be cited. 

“Bed lead employed for trade purposes (colours, lacquers, 
cements) may leave an insoluble residue of about 10 per cent, 
on treatment with nitric acid and sugar. The better class of 
red leads for pharmaceutical use must only leave about 1 per 
cent, residue. On analysis of nine samples,' one left a residue 
of 2*08 per cent., five between 8 and 10 per cent., another 
17*66 per cent., and two between 25 and 27 per cent. The 
residue consisted in six instances of clay and fine sand, in three 
cases of finely ground barytes, doubtless an adulteration, and 
one sample obtained from a druggist’s shop gave 1*25 per cent, 
residue.” 


Lead Peroxide. 

Plumbum peroxydatum puriss. (PbOs). Mol. Wt., 238*31. 
Heavy, dark brown powder, soluble in water. 

Tests tor Impurities. 

Lead Nitrate, Chlorides, Lime, Soda, etc.— 5 gins, of per- 
oxide are boiled with about 60 c.c. of water, along with a little 
dilute nitric acid , and then filtered ; one part of the filtrate must 
give no prc'cipitate with silver nitrate solution, another must 
only leave traces of n'siduc on evaporation (lime or lead). 

Sulphuric Acid.—t) gins, of the peroxide are digested for 
several hours with a concentrated solution of pure sodium bicar- 
bonate, filtered, and the filtrate, after adding excess of hydro- 
chloric acid, tested for sulphuric acid with barium chloride. 

Manganese .— of the peroxide is heated with concen- 
trated sulphuric acid till perfectly decomposed, and the cooled 
mixture treated with water and a fresh quantity of peroxide ; 
on renewed heating a red solution of permanganic acid is 
obtained if manganese is present. 

Note. — b. de Koninck (J.S.C.I., 1880, p. 215) calls attention to tbe 
fact that it is not sufficient to boil a sample with dilute nitric acid 
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for the detection of manganese present as peroxide in the lead, but 
that the above test must be used. It is quite a matter of general 
occurrence to find the commercial varieties giving this manganese 
reaction. 

Quantitative Estimation. 

According to Ebell (J.C.S., 1886, A., p. 742) the iodine 
method is the best, and is as follows : — 

0’5 gm. of the peroxide is covered with water in a small flask, 
well mixed by shaking, and then a large excess of concentrated 
hydrochloric acid added. The flask is provided with a Varren- 
trap bulb apparatus, filled with potassium iodide, and the end 
inserted into the flask by means of a rubber cork ; the flask 
is then gently heated. The lead peroxide is dissolved to the 
tetrachloride (PbClJ, and only traces of chlorine escape into 
the potassium iodide solution. The potassium iodide solution 
from the receiver is now run into the cooled flask, and, after 
transferring to a beaker and diluting to about 300 c.c., the 
iodine liberated is titrated with thiosulphate solution. 

On other methods for estimation of PbOa, see Ebell, Rep. 
anal. Chem., Vol. VI., pp. 141-143. 

Uses and Storage. 

Lead peroxide is used in qualitative analysis for the detection 
of manganese. In ultimate organic analysis it is used for the 
combustion of substances containing sulphur (the sulphur of 
the compound is obtained after combustion with peroxide in the 
form of lead sulphate). 

According to Vortmann (J.C.S., 1886, A., p. 648; 1885, 
A., p. 836), lead peroxide can be used for the direct estimation 
of chlorine in presence of bromine. On the colour reaction 
which certain alkaloids give with lead peroxide, see Ihl (Chem.- 
Ztg. , 1889, p. 95). The use of peroxide has also been suggested 
for the separation of nickel and cobalt (Zeit. f. anal. Chem., 
1891, p. 230). It must be stored in the same way as lead 
chromate. 

Commercial Varieties. 

Besides pure lead peroxide, the raw product used in the manu- 
facture of matches, etc., can be obtained. The latter often con- 
tains considerable quantities of lead nitrate, and is generally 
employed in a moist condition, as it is obtained by decomposing 
red lead with nitric acid.^ 

L 
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Lead Subacetate. 

Liquor plumbi subacctici. Clear, colourless, alkaline liquid. 
Sp. gr., 1-235 to 1-240. 

Tests for Impurities and Quantitative Estimation. 

As in “Lead Acetate.” 

Uses and Storage. 

Subacetate of lead is prepjired by digesting a solution of 
acetate of lead with lead oxide, as prescribed by the German 
Pharmacopoeia (III.). It is used for identifying benzoic and 
formic acids, etc., and is especially employed in the analysis 
of vegetable matter as a precipitant and clarifier. It must be 
stored in small bottles, and protected from the atmosphere. 

Litmus. 


Large blue grains. 

Tests. 

The (juality of the samples may be gauged by comparison 
of shade and de|)tli of colour in the cold, aqueous extract. For 
this purpose equal quantities of the samples to be compared 
are weighed out, the same amount of cold water added to each, 
and the solutions allowed to stand, with occasional shaking, at 
the room temperature for tw'elve hours ; after standing over- 
night to settle, a portion is filtered olf and tested colorimetri- 
cally, as under “ Carmine,” p. 69. It is better to prepare a 
tincture of litmus, which may be made from the aqueous 
extract obtained as above by gently boiling and adding hydro- 
chloric acid drop by drop, until a permanent wine-red colour 
is obtained after boiling for seven or eight minutes. The solu- 
tion is then allowed to cool, and an equal volume of strong 
alcohol added. The tincture is then tested for degree of sensi- 
tiveness towards acids and alkalies (see “ Litmus Tincture ”), 
and also colorimetrically as above. 

U^es. 

For the preparation of the tincture. The colouring matter 
in litmus consists of erythrolitmin and azolitmin, with am- 
monia, potash, and lime, according to Kane (see “ Azolitmin ”). 
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Commercial Varieties. 

These vary considerably with regard to quality, and some 
specimens are almost too inferior to be used for analytical pur- 
poses. A purified form is sold under the name “ Lackmus 
Puriss.” 


Litmus Tincture. 

A wine-red solution, of alcoholic odour. 

Tests. 

One litre of distilled water in a Jena glass* flask is kept boil- 
ing gently for eight or ten minutes, and then quickly cooled. 
The water ought now to be free from ('Oo ; two or three quan- 
tities of 250 c.c. each are then transferred to flasks which have 
been previously rinsed out with a little of the water; a few 
drops of litmus tincture arc then added until a distinct violet 
colour is produced. With well-prepared tinctures the colour 
ought to be very decided, and ought to be free from a blue or 
red tinge. On adding a drop of iV hydrochloric acid to one of 
the solutions a wine-red colour should at once appear, and, on 
adding the same amount of alkali to another a pure blue 
colour ought to be produced. Both tests will show a slight violet 
tinge on standing even for a minute, and each will use 2 drops 
of acid and alkali respectively to restore them to the tint for- 
merly obtained with 1 drop. 

Note.— Reinitzer (Zeit. f. aiigew. CIictu., 1894, p. .550) employs the 
above test in comparing various indicators. Particular attention is 
there called to the fact that this extreme sensitiveness only exists 
where a cold solution is concerned ; the above remai*k regarding the 
return of the violet colour on standing is also enunciated. On tho 
testing of the tincture for sensitiveness, see JiUnge, Zeit. f. angew. 
Cheni., 1894, p. 73d, et seq , ; and J.C.S., 1895, A. II., p. 242. 

U.ses and Storage. 

This form of litmus solution is the one most generally used, 
and forms evidently one of the most delicate indicators. The 
absence of carbonic acid is essential, and even the small quan- 
tity always present in normal potash solutions may give rise 
to inaccuracies. Liquids to be titrated must be boiled from 
seven to ten minutes and cooled before use. Peinitzer men- 

* Reinitzer (J.C.S., 1895, A. II., p. 134) has investigated the effect 
produced on the titration, wlien the boiling is conducted in vessels 
made of ordinary glass containing alkali. 

l2 
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tioris what precautions ought to be taken when titrating. The 
tincture should be kept in a wide-mouthed bottle, and the 
quantity required for immediate use drawn up by a glass tube, 
slightly conical at one end. It is advisable that the 
tube should contain a little glass wool. If the bottle is 
tightly corked the colour is discharged, owing, it is said, to the 
reducing influence of a micro-organism, but the leuco com- 
pound formed easily turns blue again in contact with air. 
Numerous methods for the preparation of a good litmus tincture 
are recorded in Bockmann’s Chem.-techn. Untersuch., 3rd 
Ed., Vol. L, p. 112, et seq. 

Litmus Paper, Blue, Red and Neutral. 

The paper must be uniformly, but not too strongly, coloured. 
According to Dieterich’s table, the scuisitiveness of blue litmus 
paper towards hydrochloric acid reaches its limit in a solution 
containing I part of the acid to 50,000 parts of water, and the 
red paper in 1 part of caustic potash to 20,000 of water. The 
delicacy of the test papiu’s may be determined on solutions so 
prepared, but sucli dilute' solutions keep very indifferently, and 
ought frequently to be freshly pre'pared. On the preparation, 
etc., of sensitive tost papers, see pp. 131 , 321. On the sensi- 
tiveness of litmus papi'r, see Ronde, Pharm. Ztg., 1896, p. 736. 
Neutral litmus paper, prepared with note-paper, is specially 
recommended by Bockmaim, as presc'uting an extn'mely sen- 
sitive test paper, equally serviceable for the detection of acids 
or l)as('s. The papers should be kept in bottles and carefully 
protected from ammonia or acid fumes, as their delicacy is 
easily destroyed. 


riagnesium. 

Magnesium inetallicum. At. Wt., 24*30. Metal of brilliant 
lustre, almost resembling silver, soluble in dilute acids. 

Tests for Impurities. 

Magnesium has been recommended by various authors as a 
substitute for zinc in testing for arsenic, but it is worthy of 
note that Fliickiger was unable to obtain magnesium which 
did not contain very slight traces of arsenic and sulphur (Arch, 
d. Pharm., 1889, p. T1 ; and J.C.B., 1889, A., p. 650). The 
metal has also been proposed for the reduction of ferric to fer- 
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rous compounds in tilie volumetric estimation of iron, for which 
purpose it must be free from the latter ; that is to say, a solu- 
tion of the metal in about 1 c.c. of sulphuric acid ought not 
to decolourise permanganate solution (see “Zinc”). The 
author has examined various samples of magnesium, but in no 
instance did they stand Marsh’s test or the test for iron. The 
metal reacts strongly with oxides and chlorides at a high tem- 
perature, and even in neutral aqueous solution most metallic 
chlorides give up their chlorine (see Sciibert and Schmidt, 
Annal. d, Chem., 1891, Vol. CCLXVll., p, *218, et seq.). 
On the preparation and use of “magnesium amalgam,” see 
Fleck and Bassett, Jour. Amer. Chem. Soc., 1895, 17, p. 789. 

Commercial Varieties. 

It is sold in the form of wire, powder, ribbon, and bar. 


Magnesium Carbonate. 

Magnesium carbonic. : carbonate of magnesia (MgClOg). 
Mol. Wt., 83*79*. White, flocculent mass, or light powder. 

Tests for Impurities. 

iron. Alkalies, etc.— The solution in dilute hydrochloric acid 
should be colourless ; on boiling the salt with water and evapo- 
rating the filtrate only a slight residue should remain. 

Note. — The presence of iron and manganese colours the hydro- 
chloric acid solution ; sand, silicic acid and silicates remain un- 
dissolved. On mixing 5 gms. witli 10 c.c. of water and heating to 
boiling at once, 20 c.c. of the filtrate sliould not leave more than 
0*015 gm. residue on evaporation; a higher residue indicates the 
presence of alkaline salts. 

Metals, Alumina, Lime, Sulphuric Acid, ayid Ohio ride .—The 
solution in dilute acetic acid (1 : 50) must be clear and give no 
reaction with hydrogen sulphide. On boiling the original solu- 
tion, adding ammonia and ammonium oxalate, only a slight 
turbidity should appear within a few minutes. The addition 
of barium nitrate solution, and, after acidifying with nitric 
acid, silver nitrate solution must only cause a slight turbidity. 

* The composition of magnesium carbonate varies according to 
the salt of magnesia from which it was prepared, the precipitating 
agent, and the temperature observed during both precipitation and 
drying. 
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Uses, 

Magnesium carbonate is used as a base for the preparation of 
otlier magnesium salts. 

Commercial Varieties. 

A hc'avy magnesium carbonate, about three times as heavy 
iis tli(' light form, and prepared by precipitation in cold mag- 
nesium sulphate solution, is sold in this country. The light 
carbonat(' is used in medicine. Hager states that, on an 
average, the commercial carbonate consists of 40 per cent, 
magnesia , 05 per cent, carbon dioxide, and 25 per cent, water ; 
such samples have also been found to contain from 1’25 to 2T5 
per cent, of lime, and about 0*25 per cent, oxide of iron. 


Magnesium Chloride. 

Magnesium chloratiim, puriss. : chloride of magnesium 
(MgCL, GILO). Mol. Wt., 202*41. White, hygroscopic 
crystals. 

Tests for Impurities. 

SoJubiUty .—2 gms. dissolved in 10 c.c. of alcohol must give 
a clear solution. 

Sulphuric Acid. -The solution (1 : 20) must give no reaction 
with barium chloride. 

Phosphoric Acid and Arsenic Acid. — 3 gins, are dissolved in 
20 c.(;. of water, ammonium chloride and ammonia added in 
excess, and the solution allowed to stand for some time; no 
precipitate' or turbidity must apjiear. 

Metals, Lime, etc. — The solution (I : 20) must give nq re- 
action with hydrogen sulphide. On adding a sufficiency of 
ammonium chloride to the aqueous solution (1 : 20), and sub- 
sequently ammonia, ammonium oxalate and ammonium sul- 
phide, no turbidity should appear. 

Ammonia.— ammonia should be given of[ on heating with 
caustic soda. 


Quantitative Estimation. 

The magnesia is estimated as pyrophosphate ; excess of am- 
monia and ammonium chloride are. added to a solution of the 
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salt ; the clear liquid is then mixed with a solution oi sodium 
phosphate and allowed to stand for some time. The preciph 
tate is then collected on a filter, washed with water containing 
some ammonia, and ignited and weighed as magnesium pyro- 
phosphate. Lime when present must be previously removed 
by precipitation with ammonium chloride and ammonium 
oxalate. The chloride in the salt may be estimated by acidify- 
ing the solution with nitric acid, and precipitating with silver 
nitrate. 


Uses and Storage. 

The salt is used for the preparation of magnesia mixture, as 
is also the sulphate. It is likewise used for testing ammonium 
sulphide ; it must be well protected from air. 

Commercial Varieties. 

Ordinary pure magnesium chloride and also a form used 
for technical purposes are on the market. The latter variety 
is obtained in large quantities as a by-product from the Stass- 
furt salt industry, and generally contains a quantity of sul- 
phates and soda, evidenced by its imperfect solution in alcohol, 
d.die former variety nearly always contains traces of the sodium 
salt, and bromides may also be present. 


riagnesia Mixture. 

For Phosphoric Acid Estimation. —The following method 
for the preparation of magnesia mixture appears in the Chem.- 
Ztg., 1895, p. 1420 lOOgms. of pure crystallised magnesium 
chloride and 140 gras, ammonium chloride are dissolved in 
700 c.c. ammonia solution (8 per cent.) and 1,300 c.c. of water. 
After standing for several days the solution is filtered. Some 
chemists prefer to prepare the mixture as follows 550 gms. 
magnesium chloride and 1.050 gms. ammonium chloride are 
dissolved in water, then litres concentrated ammonia solu- 
tion (sp. gr. 0'91) are added, and the solution diluted to 10 
litres. The action of magnesia mixture on the vessels con- 
taining it is described in a paper by L. de Koninck (Chem.-Ztg. , 
1895, p. 450 ; and J.S.C.I., 1895, p. 691). That author ascribes 
the formation of scales resembling mother of pearl, which form 
on long standing in glass vessels, to a decomposing action of the 
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mixture on glass. A most interesting point in de Koninck’s 
experiments is that a glass vessel which had been steamed* for 
some time was scarcely attacked at all after fifteen months, 
whereas a bottle merely rinsed out with water was so strongly 
attacked on standing for the same time that the surface was 
completely coated with a film of magnesium silicate (Chem.- 
Ztg., 1896, p. 129). 


riagnesium Oxide. 

Magnesium oxydatiim puVum : calcined magnesia (MgO). 
Mol. Wt., 39*90. Fine, very light, white powder. 

Tests for Impurities. 

Carbonic Acid.— A small quantity of the oxide is heated with 
a few c.c. of water, and the mixture poured into a few c.c. of 
dilute acetic acid ; solution must take place without cfierves- 
cence, only a few solitary bubbles of gas appearing. 

Metals, etc.— As under “Magnesium Carbonate,” p. 165. 

Quantitative Estimation. 

The sample is first dissolved in hydrochloric acid, and then 
treated as under ” Magnesium Chloride.” 

Uses and Storage. 

The salt is used in the analysis of iron (see also the 
following article on “Magnesium Oxide, free from Sul- 
phuric Acid ”), and for the estimation of ammonia. It must 
be carefully protected from the atmosphere. In testing for 
ammonia the magnesia should be almost free from carbonic 
acid, otherwise the operator may be misled. 

Commercial Varieties. 

These sometimes contain considerable quantities of carbonic 
anhydride, sulphuric acid and lime. The magnesia described 
in the following article is used for special analytical work. 

* In Professor Ostwald’s laboratory all flasks and bottles used for 
delicate work are steamed for some time, thus rendering them more 
resistant to the action of chemical reagents. 
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Magnesium Oxide* (MgO.) Free from Sulphuric Acid. 

A white powder, evolving only slight traces of CO 2 with 
dilute acids. 

Sulphuric Acid.—d gms. are dissolved in a little hydrochloric 
acid, the solution diluted to about 100 c.c., heated to boiling, 
and barium chloride added; after twelve hours’ standing no 
precipitate should appear. 

Note. — As the commercial oxide and carbonate always contain 
traces of sulphuric acid, this variety has tlierefore to be specially 
prepared for estimations where the absence of sulphuric acid is 
essential (iron estimations). 


riagnesium Sulphate. 

Magnesium sulphuric, puriss. : sulphate of magnesia 
(MgSO^, 7 H 2 O). Mol. Wt., 245*48. Small, colourless 
crystals, giving a neutral reaction in aqueous solution. 

Tests for Impurities. 

Solubility.— The aqueous solution (1 : 10) must be clear and 
have no eilect on litmus paper. 

Phosphoric and Arsenic Acids^ Metals^ etc.— As under 
“ Magnesium Chloride,” p. 166. 

Note. — Marsh's test may also be applied. The third German 
Pharmacopneia prescribes the following test for arsenic ; — On 
shaking together 1 gin. of the finely-powdered sample and 3 c.c. of 
stannous chloride solution, no colour must appear within an hour. 

Chlorine.— The aqueous solution (1 : 20) must give no re- 
action with silver nitrate. 

Sodium Sait.— When ignited on platinum wire no permanent 
yellow flame must be apparent. 

Quantitative Estimation. 

See under ” Magnesium Chloride.” The sulphuric acid may 
be determined as barium sulphate. 

Uses. 

See “ Magnesium Chloride.” 
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Commercial Varieties. 

These often contain a large quantity of chloride, and the 
presence of arsenic has frequently been detected. The crude 
salt has generally a grey appearance, and contains various im- 
purities which may be detected by the foregoing tests. Mag- 
nesium sulphate may readily be distinguished from Glauber’s 
salts by adding sodium phosphate, which gives a crystalline 
precipitate with the aqueous solution of the magnesium salt, in 
presence of ammonia and ammonium chloride. As zinc sul- 
phate strongly resembles the magnesium salt in appearance, 
any mistake may be avoided by adding ammonium sulphide. 

Manganous Chloride. 

Manganum chlorat. cryst. pur. (MnCl2,4HoO). Mol. Wt., 
197 ’38. Pink crystals, easily soluble in water to a clear solu- 
tion. 

Tests for Impurities. 

Sulphuric Acid.— The clear, aqueous solution (1 : 10) must 
give no reaction with barium chloride. 

Iron, Other Metals, etc.— As under “ Manganous Sulphate,” 
p. 172. 

Chlorine.— A solution (1 : 20) to which dilute sulphuric acid 
has been added must not turn blue on the addition of starch 
solution containing zinc iodide. 

Quantitative Estimation and Uses. 

See ” Manganous Sulphate.” 

Manganous chloride solution is also used for the determina- 
tion of oxygen by Winkler’s process (see L. W. Winkler, 
J.S.C.I., 1889, p. 727). 


Commercial Varieties. 

Crude manganous chloride and also sulphate are placed on the 
market, the former being obtained in large quantities as a by- 
product in the manufacture of chlorine. The salt generally con- 
tains a considerable amount of sulphuric acid, lime, iron, and 
also arsenic. A pure fused chloride is also sold. 

rianganese Dioxide. 

Manganum peroxidatum : pyrolusite (MnOa). Mol. Wt., 
86*72. Steel-grey lumps, with a metallic lustre. Good pyro- 
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liisite, when powdered, should have the above appearance, and 
contain about 90 per cent, MnOo. 

Tests for Impurities. 

lor the valuation of pyrolusite a quantitative analysis is 
made. 

Quantitative Estimation. 

The mineral is used on the large scale in the manufacture 
of chlorine and bleaching powder*, and in analytical work for 
the preparation of chlorine and oxygen ; the value of the sub- 
stance chiefly depends upon the amount of dioxide present. 
Various reliable methods have been proposed for its estimation 
by such chemists as Bunsen, Fresenius, Will, and Lunge, that 
by the latter being especially good. Lunge’s method is 
accepted officially by the German soda manufacturers, and is 
conducted as follows :—L0875 gins, of the finely powdered 
sample, which has been dried for some time at 100^ are 
weighed out and transferred to a flask provided with a Bunsen 
india-rubber valve ; to this arc added 75 c.c. (three quantities 
Irom a 25 c.c. pipette) of a solution of 100 gins, pure iron sul- 
phate, and 100 c.c. pure concentrated sulphuric acid in a litre 
of water ; this solution must, however, bo previously stan- 
dardised on seminormal permanganate (15‘820 gms. chemically 
pure salt per litre), the strength of which has been checked on 
the day it is used. The same 25 c.c. pipette must also be 
employed. The acid iron solution must be diluted with from 
four to eight times its volume of distilled water. The flask is 
then closed with a cork, into which the valve is fitted, and the 
solution heated until the MnOa has been decomposed (at once 
seen by the residue ceasing to show' a dark colour). During 
cooling the valve must fit tightly, which may be seen from the 
rubber contracting. When quite cold, 200 c.c. of water are 
added, and the solution titrated with fiermanganate until, on 
shaking, the pure colour remains for at least thirty seconds; 
disappearance of colour after this is unimportant. The quantity 
of permanganate used is subtracted from the amount equivalent 

* Mii02 + 4:1101= MnCl 2 + 2H20 + 2Cl. Theoretically, 87 parts by 
freight of manganese dioxide and 144: parts by weight of hydro- 
chloric acid (absolute) evolve 71 parts by weight of chlorine. From 
100 kilograms of good pyrolusite (about 90 per cent.) and about 500 
kilograms of ordinary hydrochloric acid a yield of practically 70 
kilograms chlorine is obtained. 
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to the 75 c.c. of iron solution, each c.c. of the remainder being 
equivalent to 0‘02175 gm. (or 2 per cent.) MnOj. 

It is often the custom of manufacturers to estimate the mois-^ 
ture and carfion dioxide which may be present in pyrolusite, as 
well as the amount of hydrochloric acid employed in its decom- 
position. Further details regarding the analysis of pyrolusite 
may be obtained in Bockmann, Chem.-techn. Untersuch., 3rd 
Ed., Vol. L, p. 440, et scq. 

Uses. 

See under “ Quantitative Estimation.” 

Commercial Varieties. 

These vary greatly in percentage and appearance, some 
samples containing as little as 30 per cent. MnOa. Good pyro- 
lusite may be recognised by its steel-grey colour, especially 
when powdei’cd, poorer qualities presentirjg a brown or reddish- 
brown appearance. 

flanganese Metaphosphate. 

See “ ]\ feta phosphoric Acid,” p. 209. 

Manganese Sulphate. 

Manganiim sulphuricum puriss. cryst. (MnS 04 , dHgO). 
Mol. Wt., 222’46. Bose-coloured crystals, easily soluble in 
water. The aqueous solution (1 : 20) should be clear and 
neutral, or only slightly acid. 

Tests for Impurities. 

Soluhilitij above. 

Iron, Other Metals, dc . — On heating the aqueous solution 
(1 : 20) with a lew drops of hydrochloric acid and chlorine 
water , and adding pota.ssium sulphocyanidc, no red colour must 
appear ; the solution must give no reaction with excess of hydro- 
gen sulphide. On precipitating the manganese from a solution 
of 3 gins, of the salt by means of ammonium carbonate, a fil- 
trate must bo obtained which leaves no weighable residue on 
evaporating and igniting. On dissolving a mixture of the salt 
and sodium acetate in ten times the quantity of water, and 
adding a lew drops of acetic acid, the addition of hydrogen sul- 
phide must produce no turbidity (Pharm. Germ. III.). 

Chlorine.— Tim solution must give no reaction with silver 
nitrate. 



META-PHENYLENE-DIAMINE HYDROCHLORIDE. 


173 


Quantitative Estimation. 

By the following method— precipitation as sulphide— the 
manganese may also be separated from alkaline earths, if 
present. The dilute solution of the salt, to which ammonium 
chloride is added, is neutralised with ammonia and boiled; 
ammonium sulphide is then added in excess, and the mixture 
allowed to stand for some time. The precipitate is then quickly 
filtered and washed with water containing ammonium sulphide. 
The dried sulphide is now mixed with sulphur, ignited in a 
current of hydrogen, and weighed as manganous sulphide. The 
ammonium sulphide used must be free from carbonate. The 
detection of other metals, and their separation from manganese 
may be effected by means of the tests given above. 

Uses. 

Pure manganese sulphate, free from iron, is used in the esti- 
mation of oxygen in water (J.S.C.I., 1889, p. 923); also, 
according to E. F. Smith, for the quantitative estimation of 
boracic acid. 

Commercial Varieties. 

A pure, partially dehydrated form (MnS 04 , HoO) is sold, as 
Well as the crude salt, which sometimes contains large quanti- 
ties of chlorides, iron, and other impurities. The water of 
crystallisation in manganous sulphate varies with the tempera- 
ture at which crystallisation takes place ; between 20'' and 3T' 
the salt contains four molecules of water. 

Meta-Diamido-Benzene. 

Sec “ Meta-Phcnylene-Diamine Hydrochloride.” 


rieta-Phenylene-Diamine Hydrochloride. 

(CeH^fNH,)^, ‘2HC1). 

White or slightly reddisli- white, crystalline powder, easily 
soluble in water. 


Tests for Impurities. 

The reddish colour just mentioned owes its presence to the 
action of the atmosphere. The aqueous solution (1 : 20) should 
be either colourless or show only a faint yellow colour. 
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a test tube for about one minute ; the metal must not lose its 
brightness, and must show only a faint yellow tint. 

Note. — According to Graham-Otto, the commercial metal, although 
sometimes fairly so, is never absolutely pure, as other metals are 
always present in greater or lesser degree, particularly lead, tin, 
bismuth, and copper ; there is also generally an admixture of dust 
and other impurities. A greyish skin may sometimes be observed 
on the surface of the metal, the drops becoming less rotund in pro- 
portion to the quantity of this impurity present; the mobility is also 
affecled in like manner. Impure mercury, on being shaken up willi 
air, leaves a skin adhering to the sides of the vessel. Ulex states 
that one four-thousandth part of lead may be detected in this way. 

Uses. 

The metal is used for eudiometers, nitrometers, and various 
apparatus employed for gas analysis, also for the estimation of 
nitrogen by Ivjeldahrs method. The pure redistilled mercury, 
obtained by treating the metal with nitric acid and distilling, is 
used for some purposes. 

Commercial Varieties. 

See note above. » 


riercury Bichloride. 

Hydrargyrum bichloratum (HgCla). Mol. Wt., 270'54. 
White crystals, soluble in water, alcohol, and pure ether. The 
aqueous solution must give a black [irecipiiatc with hydrogen 
sulphide. 


Tests for Impurities. 

General Impurities. —The filtrate from the hydrogen sulphide 
precipitate must leave no weighable residue on evaporation. 

Arsenic.— On digesting the precipitate from the above with 
dilute ammonia and acidifying with hydrochloric acid no yellow 
precipitate or colour must appear. 

Mercurous Chloride . — 2 gms. of the finely ground sample 
must dissolve completely in about 15 c.c. of pure ether. 


Quantitative Estimation. 

The metal may be estimated volumetrically by Mohr’s 
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method (see Sutton’s VoL Anal. , p. 238)'. This method is based 
on the fact that mercuric chloride in alkaline solution is reduced 
to mercurous chloride by a ferrous salt, with conversion of the 
latter into the ferric state. The excess of ferrous salt is then 
titrated with permanganate, the latter being previously stan- 
dardised on pure iron double salt. Fe x 4*8414= HgCla. The 
mercury may also be precipitated with hydrogen sulphide, and 
weighed as sulphide ; if, however, the samples stand the above 
tests a quantitative estimation will be superfluous for most 
purposes. 

Schuyten (J.C.S., 1897, p. 161) recommends a process for 
the estimation of mercury salts, combining speed with accu- 
racy and depending on the reaction with sodium peroxide. 

Uses and Storage. 

It is used for the detection of hydriodic acid, formic acid and 
tin ; also as a test for alkaloids and for the preparation of 
Bohlig’s and Nessler’s reagent. Jt is a violent poison, and 
great precautions must be used in storage. 

Commercial Varieties. 

Lenz (Zeit. f. anal. Chem., 1883, p. 391) comments on the 
fact that the commercial salt often leaves a considerable residue 
on solution. 

Nessler’s Reagent. 

The solution may be prepared by stirring together a mixture 
of 35 gms. potassium iodide and 13 gms. mercury bichloride in 
800 c.c. of wat(‘r and boiling until a clear solution has been 
obtained. A cold saturated solution of mercury bichloride is 
now added drop by drop till the precipitate just ceases to redis- 
solve ; 160 gms. caustic potash or 120 gms. caustic soda are 
now added along with a little of the bichloride solution and the 
li{)uid allowed to settle. The clear solution has a slightly 
yellow tint, and on adding 2 c.c. to 50 c.c. of water containing 
0 05 mgm. of ammonia must immediately show a yellowish- 
brown coloration. The reagent should be kept in small, well- 
stoppered bottles. 


Mercurous Nitrate. 

Hydrargyrum nitric, oxydulat. pur. ((N 03 ) 3 Hga, 2HaO). 
Mol. Wt., 560’30. White crystals. ' 
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Tests for Impurities. 

Volatility— 2 gms. must leave no weighable residue on 
ignition in a porcelain crucible. 

Mercuric Salt.— On dissolving 1 gm. in a small quantity of 
very dilute nitric acid, diluting to 20 c.c. , and adding cold dilute 
hydrochloric acid in excess and filtering, the filtrate should 
only show traces of a precipitate with hydrogen sulphide. 

Quantitative Estimation. 

A number of methods are given for the analysis of mercurous 
compounds. The mercury in the nitrate may be estimated by 
precipitation as mercurous chloride. 

Uses and Storage. 

It is used as a test for easily oxidisable substances, such as 
formic acid, and is very poisonous. 

Commercial Varieties. 

These often contain considerable quantities of the mercuric 
salt, and as while testing for this impurity the mercuric salt is 
liable to be formed; great care must be exercised. 

riercuric Oxide. 

Hydrargyrum oxydatum (HgO). Mol. Wt. , 215’'76. It may 
be obtained either as the moist yellow modification or as a red 
powder. 

Tests for Impurities. 

Residue. — 2 gms. must leave no residue on ignition. 

Chlorine and Sulphuric Acid.~A solution (1 : 100) in dilute 
mtric acid must give no reaction with either silver nitrate or 
barium chloride. 

Nitric Acid. — On shaking 1 gm. with 2 c.c. of w^ater, and 
then 2 c.c. of sulphuric acid, the addition of 1 c.c. ferrous sul- 
phate solution must not show the characteristic reaction, even 
^ftcr standing a long time. 


Uses and Storage. 

-f^he moist yellow form is used for the decomposition of mag- 
nesium chloride, and also, according to Meineke, for the pre- 
•^ipitation of manganese, k or this latter purpose absolute free- 

M 
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dom from iron is essential, and it is better therefore to avoid 
using the red oxide. The pure oxide, free from nitrogen and 
sulphur, is used in the ultimate organic analysis of substances 
containing these elements. 

Commercial Varieties. 

Both the red and yellow modifications leave a considerable 
residue on ignition; even in the purest samples there are 
nearly always unweighable traces of residue present. 

riercuric Nitrate Solution. 

This solution is used for the quantitative estimation of urea, 
and may be formed by dissolving 77*2 gnis. of pure red mercuric 
oxide, previously dried at gentle heat in the water bath, in 
nitric acid. The solution is evaporated until it has a syrupy 
consistency, and is then diluted to a litre with water. Any 
basic salt which may have formed on dilution is redissolved by 
a few drops of dilute nitric acid. 10 c.c. of this solution are 
equivalent to O'l gm. urea. 


riercuric Nitroso-NItrate Solution. 

Millon’5 Reagent, and other solutions of Mercuric Saits. 

Millon's Reagent for albuminoids, etc., may be prepared as 
follows 10 gms. of mercury are placed in a small flask, and 
25 gms. of nitric acid, sp. gr. 1*185, with 25 c.c. of water, arc 
added ; the mixture is then kept in a lukewarm place and occa- 
sionally shaken till the mercury has dissolved. This is then 
mixed with a solution of 10 gms. of mercury in 22 gms. nitric 
acid of 1*250 to 1*300 sp. gr., dissolved at the ordinary tempera- 
ture. A simpler method is recommended by Nickel (Chem. 
News, Vol. LX., 1889, p. 104), and is as follows :--l gm. of 
mercury is dissolved in 9 c.c. of fuming nitric acid, sp. gr. 
1*52, and the solution diluted with an equal volume of water. 
On long keeping, this solution becomes inactive, but the addi- 
tion of potassium nitrite will restore its properties. For 
details see Nickel Hoc. cit.). 

Hoffmann's Reagent and Pfugge's Reagent are described in 
Chem. News, Vol. LX., 1889, p. 104. 
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Sachse's Standard Mercuric Iodide and Knafs Standard 
Mercuric Cyanide are described in Sutton’s Vol. Anal., p. 311, 
and are used for the estimation of sugar. 

Nesslers Reagent, see p. 176. 

ThouleVs Solution consists of a solution of mercuric iodide in 
potassium iodide; has a sp. gr. of 317, and is used for the 
separation of minerals. 

Mayer s Solution, formed by dissolving 13‘53 gms. mercuric 
chloride and 49*67 gms. potassium iodide in water at 15° and 
diluting to a litre, is a test for alkaloids. 


Methylene Blue. 

Tetramethylthionine hydrochloride (CieHasNaSCl). Dark 
green powder with a bronze lustre, easily soluble in water to a 
blue solution ; less soluble in alcohol. 

Tests for Impurities. 

Arsenic— 2 gms. are mixed with sodium carbonate and salt- 
petre, and after ignition, tested in Marsh’s apparatus (see 
“Zinc”). 

Ash.— On]y traces of residue must remain after igniting 2 
gms. of the sample. 

Note. — Full details regarding the tests to be applied are given by 
Leiiz (J.S.C.I., 1895, p. 772). 

Uses. 

It is used as a bacteriological stain. (See “ Preparation of 
Beagents ” in Appendix.) 

Commercial Varieties, 

A double salt of zinc and the base is sold under the name of 
methylene blue, but may readily be recognised on testing the 
ash for zinc. According to Lenz, the methylene blue sold is 
often very impure. 


Methyl Orange. 

Sodium dimethylamidoazobenzene sulphonate. 
((S03Na)Cetl4NAH.N (CHa)^). 
Orange-yellow powder, easily soluble in water. 
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Tests 

A 0*1 per cent, solution is made and tested against hydro- 
chloric or sulphuric acid. Very little of the indicator must be 
added to the solution to be titrated— in fact, not more than is 
sufficient to impart a faint yellow colour. To perform the test, 
100 c.c. distilled water are placed in a Jena glass beaker, and 
the solution just coloured yellow with the indicator ; on now 
adding 2 drops of | acid the colour must deepen to a dark 
brownish -yellow. Comparative tests with this indicator are 
given on page 129, and particularly below under “ Uses.” 


Uses. 

The above indicator, which was recommended by Lunge, has 
the great advantage of being unalTected by weak acids, such as 
carbonic, acetic, etc., and continued boiling of liquids con- 
taining CO 2 during titration is rendered unnecessary. The 
indicator can only be used in the cold, and is useless for oxalic 
acid. On account of the above-mentioned advantage many 
prefer it to litmus, and for that reason it finds special favour 
with alkali makers in the analysis of soda ash. Many observers 
have tested its sensitiveness against litmus, and Reinitzer, for 
example, concludes from his comparative experiments that in 
the determination of sodium carbonate it is not possible to 
obtain such accurate results as with litmus (J.C.S., 1895, A. 
II., p. 134). According to him, the change of colour, or end 
reaction, in titrating with acids, is not so sharp with methyl 
orange as with litmus, and he states that in his experiments 
the colour did not change quickly from light yellow to purple- 
red, but passed through gold brown or dark yellow to red with 
a yellowish-tint which, in litmus titrations, is termed onion- 
skin red. In contradistinction to this opinion Lunge (Zeit. f. 
anal. Chem., 1894, p. 733) considers its sensitiveness to be 
much greater than Reinitzer supposed, but states that the 
titration must not be continued until the appearance of a purple- 
red colour. When titrating with } acid, the reaction must be 
regarded as complete at the first change of colour, namely, 
from light yellow to a dark brownish-yellow (see Lunge, loc. 
cit.) The purity of the indicator is a matter of the greatest 
importance. Dott (Zeit. f. anal. Chem., 1890, p. 321) calls 
attention to the impurities present in commercial methyl 
orange, and emphasises the fact that ‘the results vary according 
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to the purity of the sample used. To obtain satisfactory results 
only the purest quality should be used. The Association of 
Swiss Analysts (Chcm.-Ztg., 1895, p. 1895) employed the in- 
dicator in estimating the alkalinity of potable waters ; for this 
delicate test many of the preparations on the market are utterly 
useless. On the use of this indicator for the estimation of 
borates of the alkalies and alkaline earths, alkaline sulphides, 
direct estimation of alkaline carbonates, and also its reaction 
with alkaline sulphites, see Sutton’s Volumetric Analysis. A 
number of papers appeared in the journals on this indicator, 
particularly the communications by K. T. Thomson (Chem. 
News, Vol. XLVII., pp. 1‘23, 185; Vol. XLIX., pp. 32, 119; 
J.S.C.I., 6 , p. 195); see also Lunge’s “ ^Manufacture of Sul- 
phuric Acid.” On the sensitiveness of indicators, see Lunge 
and Marmier (J.C.S., 1897, A. IL, pp. 285, 3SG). 

Commercial Varieties. 


See ” Uses.” 


nethyl Violet. 

It is chiefly composed of the hydrochloridi^s of pentamethyl- 
pararosaniline (C 24 H 28 N 3 CI) and the hexa-compound (C 25 H 30 
N 3 CI). A blue powder, easily soluble in water and alcohol. 

Tests. 

As under ‘‘ Methylene Blue.” 

Uses. 

It is used as a stain, and has a highly destructive effect on 
bacteria (see E. Merck’s Annual Beports, 1891 to 1894). 

Commercial Varieties. 

The very pure compound is sold by E. Merck under the name 
“ Pyoktanin.” 


riolybodic Acid. 

Acid molybdaenic. pur. (M0O3). Mol. Wt., 143*78. White 
or slightly yellowish-white powder, containing about 85 per 
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cent, of the acid and about 15 per cent, ammonium or sodium 
nitrate, sodium sulphate and moisture. 

Te5ts for Impurities. 

Sohihility, Heavy Metals.— Tho solution (1 : 5) in dilute 
ammonia must be clear, and show no reaction with ammonium 
sulphide. 

Phosphoric Acid.— On dissolvinf^ 10 gms. in 25 c.c. of water 
and 15 c.c. of ammonia, sp. gr. 0‘910, and mixing this solution 
with 150 c.c. of nitric acid (1 : 20) no yellow precipitate must 
appear after standing at a gentle heat for tw^o hours (ammonium 
phosphomolybdate ; see also note under “Ammonium Molyb- 
date ”). 

Note. — Molybdic acid is greatly used in chemical laboratories. 
Konig (Rep. f. anal. Chem., 84, No. 11, p. 161) records a number of 
comparative analyses of the commercial varieties. 

Quantitative Estimation. 

Pure molybdic acid, as well as ammonium molybdate, may 
be estimated gravimetrically by dissolving in ammonia, neu- 
tralising with acetic acid, and precipitating the boiling solu- 
tion with slight excess of lead acetate ; after filtering^ the pre- 
cipitate is washed with hot water and dric^d. It is then re- 
moved from the filter, ignihal, and weighed as PbO,Mo 03 (see 
Presenilis, Quant. Anal.^ Vol. I. , p. 289). A volumetric method 
for its estimation is described in Ber. d. d. chem. Ges., 1888, 3, 
485. A paper by Priedheim and Euler (J.C.S., 1895, A. II., 

р. 535) on its quantitative estimation may also be referred to. 
See also an article by Gooch and Pairbanks (J.C.S., 1897, A. 
II., p. 76). 

Use5. 

Molybdic acid and ammonium molybdate are both used for 
the detection and estimation of phosphoric acid, the solutions 
being prepared in a special way. P. Wagner (J.C.S., 1890, 
A., p. 448) recommends the following methods (a) 125 gms. 
molybdic acid are transferred to a litre flask and lixiviated with 
about 100 c.c. of water, and the mixture dissolved in about 300 

с. c. of 8 per cent, ammonia. To this solution 40 gms. of 
ammonium nitrate are added, and the solution made up to the 
mark with water. The contents of the flask are now mixed 
with a litre of nitric acid, 119 sp. gr.^ the mixture allowed to 
stand for twenty-four hours at about 35T., and filtered, (b) 
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150 gms. ammonium molybdato arc dissolved in water in a litre, 
flask; to the solution 400 gms. ammonium nitrate are added, 
the flask filled up to the mark and mixed with a litre of nitric 
acid of the same strength as above, and the mixture treated as 
at (a). A precipitate sometimes settles out on standing, which 
is not an impurity, but a yellow modification of molybdic acid 
(see note under “ Ammonium Molybdate,” p. 31). 

Meineke (Chem.-Ztg., 1896, p. 108) recommends the follow- 
ing preparation : 150 gms. ammonium molybdate are dissolved 
in 150 c.c. ammonia, sp. gr. O'OlO, and 850 c.c. of water ; the 
mixture is then poured, whilst shaking, into a litre of nitric 
acid, sp. gr. 1’2. The solution is then heated for ten minutes 
at 90"^, and subsequently separated from the copious precipitate 
of molybdic acid by decantation and filtration. When kept in 
brown bottles and protected from the light, this solution re- 
mains clear for a long time, and can be used for the estimation 
t)f phosphoric acid without danger of further precipitation. 

Frohde’s Reagent. —This consists of a solution of pure 
molybdic acid in concentrated sulphuric acid, and is employed 
for the detection of alkaloids. 

According to Deniges (J.C.S., 1891, A., p. 1549) the acid 
can be used as a test for hydrogen peroxide. 

Commercial Varieties. 

These consist of the ” pure ” and ” puriss.,” the latter being 
described in the following article. Commercial samples vary 
greatly regarding percentage of M0O3 and the quantity of 
ammonium nitrate and salts of sodium they contain. 

riolybdic Acid, Free from Ammonia. 

Acid, molybdjenic. puriss. free from ammonia (M0O3). Mol. 
Wt., 143*78. The preparation contains nearly 100 per cent. 
M0O3, but has a slight bluish shade owing to the presence of 
traces of molybdic oxide. The acid is insoluble in water. 

Tests tor Impurities. 

Solubility, Heavy Metals —2 gms. are dissolved in 10 c.c. 
of water and 5 c.c. of ammonia, sp. gr. 0*910; after standing 
for a short time at a gentle heat the solution must give no 
reaction with ammonium sulphide. 

Phosphoric Acid— As in the foregoing preparation. 
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Ammonium and Sodium Salts. —On extracting 2 gms. with 
water only traces of soluble substances should dissolve out. 

Quantitative Estimation and Commercial Varieties. 

See “Molybdic Acid,” pure. 

Molybdenum Solution for Phosphoric Acid 
Estimation. 

See p. 182. 


“■Naphthol. 

Naphtoliim (a) recryst. alb. : alpha-naphthol (CjoH^OH). 
Mol. Wt., 143*66. Colourless crystals, melting at 94°; easily 
soluble in alcohol and ether. 


Tests for Impurities. 

Residue.— On ignition of 1 gm. of the sample no residue must 
remain. 

Other Impurities.— The crystals of pure naphthol ought to 
be colourless and show the above melting point. 


Quantitative Estimation. 

The purity of the preparation may be gauged from the above 
properties. 


Uses. 


The compound is used for Molisch’s sugar test (J.S.C.I., 
1887, p. 149), and on its practical application for this reaction 
see Posner and Epensteiii, Chem. Centralblatt, 1891, p. 641. 
It is also used for the detection of chloroform and chloral 
hydrate, for which purpose a few c.c. of naphthol-potash solu- 
tion (O’l : 50 gms.) are heated in a test tube, and the liquid to 
be tested added; in the presence of chloroform or chloral 
hydrate a permanent and intensely blue colour appears ; when 
^-naphthol is employed the blue colour only remains a short 
time. This reaction presents a speedy method of distinguish- 
ing the naphthols, according to Beuter (J.S.C.I., 1891, p. 799). 


Commercial Varieties. 

A commercial product, for technical purposes, consisting of 
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fused crystalline lumps and always containing ^-naphthol, may 
be obtained. 


Nessler’s Reagent. 

See “ Mercuric Chloride,” p. 176. 

Nitric Acid. 

Acidum nitricum piirum (HNO;,). Mol. Wt., 62’89. Clear, 
colourless liquid. Sp. gr., r2. Containing about 33 per cent. 
HNO3. 

Tests for Impurities. 

Residue.— 10 gms. must leave no weighable residue on 
evaporation in a platinum capsule. 

Note. — Hempel and Thiele (Zeit. f. anorg. Chem., 1896, p. 78) 
have published some articles on the subject of residual matter in 
the pure acid. According to these authors, 60 c.c. ought only to 
leave a residue of 0*0013 gin., equal to 0*0015 per cent., on evapora- 
tion. A smaller quantity of residue was obtained after distilling 
the acid in a flask into which was ground a hollow stopper termina- 
ting in a tube bent over into a platinum condenser ; by using these 
precautions, a residue of 0*00011 gm., or 0*0003 per cent, was 
obtained on treating 140 gms. of the sample. This acid was speci- 
ally prepared for atomic weight determinations.* 

Sulphuric Acid.— 10 gms. are evaporated in a porcelain basin 
to about half a c.c., diluted with 30 c.c. of water, transferred to 
a beaker, heated, and tested with barium chloride ; no precipi- 
tate must form even after long standing. 

Note. — As already mentioned under “Hydrochloric Acid'’ pure 
(p. 112) the acids, particularly nitric, interfere to some extent with 
the test for sulphuric acid. The further, tlierefore, the evaporation 
of the nitric acid is carried, the more certain the reaction. 

Chloride.— 60 c.c. of distilled water, to which a few drops of 
silver nitrate have been added, must show no reaction with 5 
c.c. to 10 c.c. of nitric acid. 

Note. — The silver nitrate is added first as a safeguard against the 
possible presence of chlorine in the water. 

* Hempel and Thiele also prepared other reagents, such as am- 
monium chloride and ammonium sulphide, for the same purpose, 
but none could be obtained entirely free from residue on ignition. 
The chloride gave a very minute trace on ignition on platinum foil; 
the sulphide showed 0*0065*per cent, on evaporation. 
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Heavy Metals and Earths,— 20 gms. of the acid are diluted 
with water, ammonia added in excess, and subsequently am- 
monium sulphide and ammonium oxalate ; no dark colour or 
turbidity must appear. 

lodine.—As little as 0*005 per cent, of iodine imparts a yellow 
colour to the acid ; this colour may also be due to chlorine com- 
pounds, but is generally caused by the presence of hyponitric 
dcid. Iodine may be detected by shaking with chloroform 
(Biltz), but it is not usually present in the free state. On add- 
ing carefully a very dilute solution of sulphurous acid or a few 
drops of hydrogen sulphide water, the iodine, whether present 
as an oxygen compound or in the free state, can then be 
detected by carbon disulphide or starch solution. The reaction 
is spoiled, however, if an excess of either reagent is used. The 
committee of the Society of German Pharmacists give the fol- 
lowing practical tests for iodine or iodic acid On shaking the 
acid, diluted with twice its volume of water, with a little chloro- 
form the latter must not assume a violet colour, even after 
introducing a piece of metallic zinc, which must be in contact 
with the acid (Arch. f. Pharm., 1887, p. 93). 

Hyponitric Acid, etc.— The test is made with permanganate 
solution (see p. 194). Absolute freedom from the lower oxides 
of nitrogen is at once shown by the dilute solution retaining 
the red colour produced by the first drop of deci-normal per- 
manganate solution. Hyponitric acid is nearly always present, 
however, especially in the strong acid (see also “ Uses.”). 

Quantitative Estimation. 

The percentage may be found either from the specific 
gravity, taken by Mohr’s balance, or by titration with normal 
alkali, using litmus as indicator. 

Note. — The titration of the strong acid, containing nitrous acid, 
is rendered very difficult in consequence of the fumes evolved, but 
where such an estimation is necessary, the method recommended by 
Lunge and Marchlewski (J.S.C.I., 1892, p, 432) had better be 
adopted. These authors run 10 c.c. of the acid, drop by drop, from 
a narrow and accurately standardised burette, into a little ice-cold 
water, dilute to 100 c.c., and titrate an aliquot portion of the solu- 
tion with standard soda. 

For table showing the strength of nitric acid of various 
specific gravities at 15^, compared with water at 4°, by Lungo 
and Eey, see pp. 188 — 193. 
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Uses and Storage and Normal Nitric Acid. 

The acid is used as an oxidising agent and for the nitration 
of organic compounds. It dissolves many of the metals with 
evolution of nitric oxide. The acid is employed in very vary- 
ing degrees of concentration, according to the purpose for. which 
it is required. The red fuming acid, also used for analytical 
purposes, is a solution of hyponitric acid in concentrated nitric 
acid. The ordinary pure acid is often used for the oxiefation 
of sulphur and sulphides to sulphuric acid, and for the analysis 
of organic compounds, and must be free from sulphuric acid. 
It is also used in the quantitative estimation of chlorine, 
bromine and iodine in organic compounds. A fairly concen- 
trated acid free from hyponitric acid may be obtained by pass- 
ing air through it while heating on the water bath, but acids 
of the higher concentrations cannot be so readily freed from 
this impurity, as they have a tendency to decompose into 
hyponitric acid, oxygen, and water. Lunge and Ley (J.S.C.I. , 
1891 , p. 543) purified such acids by means of sulphuric mono- 
hydrate. 

The acid should be kept in a cool place, and in glass stop- 
pered bottles. Accidents have often occurred through careless 
manipulation and storage (see Chem. Industrie, 1899, p. 441; 
and Zeit. f. angew. Chem., 1897, pp. 72, 492—504; 1896, p. 
675, et seq.). 

Normal Nitric Acid.— The solution must contain 62’89 
gins. HNO 3 per litre*. The amount of acid necessary, cal- 
culated roughly from the specific gravity, is weighed out and 
made up to the litre with water ; the solution may then be stan- 
dardised on transparent Iceland sparf , or by evaporation with 
ammonia, which is also a very accurate method (see Zeit. f. 
anal. Chem., 1893, p. 450; also p. 310 in this book). 

Commercial Varieties. 

The “ puriss.” acid is sold of various strengths, as is also the 
pure fuming acid described in the following article. 

Nitric Acid, Fuming. 

Acid, nitric, fumans pur. A solution of hyponitric acid in 
uitric acid. Eeddish-yellow to reddish-brown liquid. Sp. gr., 
L48. 

* See also note under “ Normal Caustic Potash,” p. 240. 

t On this method, using litmus as indicator, see Reinitzer, Zeit. f. 
- angew. Chem., 1894, p. 561. 
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Sp. gr. at 
4 “ ■ 

(in vacuo). 


1-000 

l-OOf) 

1*010 

1*015 

1*020 

1-025 

1-030 

1*035 

1*040 

1*045 

1*050 

1*055 

1*060 

1-065- 

1*070 

1-075 

1-080 

1-085 

1*090 

1*095 

1*100 

1*105 

1*110 

1*115 

1*120 

1*125 

1*130 

1*135 

1*140 

1*145 

1*150 

1-155 

1*160 

1*165 

1*170 

1*175 

1*180 

1*185 

1*190 

1*195 

1*200 

1*205 

1*210 

1*215 

1*220 

1*225 

1*230 

1-235 


Specific Gravities of Nitric Acids at 
• (Luiige 


100 parts by weight contain 



'’ Tw . 

NaO ,. 

HNOa . 

Acid of 
86B. 

Acid of 
40"B. 

Acid of 
4HA B. 

0 

0 

0*08 

0*10 

0*19 

0*16 

0*10 

0-7 

1 

0*85 

1-00 

1-89 

1*61 

1*03 

1*4 

2 

1*62 

1*90 

3*60 

3-07 

1*95 

2*1 

3 

2*39 

2*80 

5-30 

4*52 

2-87 

2*7 

4 

3*17 

8*70 

7*01 

5*98 

3-79 

3*4 

5 

3*94 

4*60 

8-71 

7*48 

4-72 

4-1 

0 

4*71 

5*50 

10-42 

8-88 

5-64 

4*7 

7 

5-47 

6*38 

12-08 

10*30 

6*54 

5-4 

8 

6-22 

7*26 

13*75 

11*72 

7*45 

6-0 

9 

6-97 

8*13 

15*40 

13*13 

8*34 

6*7 

10 

7-71 

8*99 

17*03 

14*52 

9*22 

7-4 

11 

8-43 

9-84 

18*64 

15-89 

10-09 

8-0 

12 

9-15 

10*68 

20-23 

17*25 

10-95 

8*7 

13 

9*87 

11*51 

21*80 

18’59 

11-81 

9*4 

14 

10*57 

12*33 

23*35 

19*91 

12-65 

10*0 

15 

11*27 

13*15 

24-91 

21*24 

13-49 

10*0 

16 

11*96 

13-95 

26-42 

22*53 

14-31 

11*2 

17 

12*64 

14*74 

27*92 

23-80 

15-12 

11*9 

18 

13*31 

15*53 

29*41 

25-08 

15-93 

12-4 

19 

13*99 

16*32 

30*91 

26*35 

16-74 

13-0 

20 

14*67 

17*11 

32*41 

27*63 

17*55 

13-6 

21 

15*34 

17-89 

33-89 

28*89 

18*35 

14*2 

22 

16*00 

18-67 

35-36 

30*15 

19-15 

14*9 

23 

16*67 

19*45 

36*84 

81*41 

19-95 

15*4 

24 

17*34 

20*23 

38*31 

32*67 

20*75 

16*0 

25 

18*00 

21*00 

39*77 

33-91 

21*54 

16-5 

26 

18*66 

21*77 

41*23 

85*16 

22-33 

17*1 

27 

19-32 

22*54 

42*69 

36*40 

23-12 

17-7 

28 

19*98 

23*31 

44*15 

37*65 

23*91 

18*3 

29 

20*64 

24*08 

45*61 

38*89 

24*70 

18*8 

30 

21*29 

24*84 

47*05 

40*12 

25*48 

19*3 

31 

21-94 

25*60 

48*49 

41*35 

26*20 

19*8 

32 

22-60 

26*36 

49*92 

42*57 

27*04 

20*3 

33 

23*25 

27*12 

51*36 

43*80 

27*82 

20*9 

34 

23*90 

27*88 

52*80 

45*03 

28*59 

21*4 

35 

24*54 

28*63 

54*22 

46*24 

29*36 

22-0 

36 

25*18 

29*88 

55*64 

47*45 

30*13 

22*5 

37 

25*83 

80*13 

57*07 

48-66 

30*90 

23*0 

38 

26*47 

30*88 

58*49 

49*87 

31-67 

23*5 

39 

27*10 

31*62 

59*89 

51*07 

32*43 

24*0 

40 

27*74 

82*86 

61*29 

52*26 

33*19 

24*5 

41 

28*36 

33*09 

62*67 

; 53*23 

83-94 

25-0 

42 

28*99 

33*82 

64*05 

i 54*21 

84-69 

25*5 

43 

29*61 

34*55 

65*44 

55*18 

85*44 

26*0 

44 

80*24 

85*28 

66*82 

56*16 

36*18 

26*4 

45 

30*88 

36*03 

68*24 

57*64 

30*95 

26*9 

46 

31*53 

36*78 

69*66 

59*13 

37*72 

27*4 

47 

82*17 

37*.53 

71*08 

60*61 

38*49 
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15 ° C . (compared with water at 4 °). 
and Key .) 


1 litre contains kgms. 


NaOs. 

HNO:,. 

AcM of 

WB. 

Acid of 

40 B. 

Acid of 

0-001 

0-001 

0-002 

0-002 

0-001 

0-008 

0-010 

0-019 

0-016 

0-010 

0-016 

0-019 

0-036 

0-031 

0-019 

0-024 

0-028 

0-053 

0-045 

0-029 

0-083 

0-038 

0-072 

0-061 

0-039 

0-040 

0-047 

0-089 

0-076 

0-048 

0-049 

0-057 

0-108 

0-092 

0-058 

0-057 

0-066 

0-125 

0-107 

0-068 

0-064 

0-075 

0-142 

0-121 

0-077 

0-073 

0-085 

0-161 

0-137 

0-087 

0-081 

0-094 

0-178 

0-152 

0-096 

0-089 

0-104 

0-197 

0-168 

0-107 

0-097 

0-113 

0-214 

0-182 

0-116 

0-105 

0-123 

0-233 

0-198 

0-126 

0-113 

0-132 

0-250 

0-213 

0-135 

0-121 

0-141 

0-267 

0-228 

0-145 

0-129 

0-151 

0-286 

0-244 

0-155 

0-137 

0-160 

0-303 

0-258 

0-164 

0-145 

0-169 

0-320 

0-273 

0-173 

0-153 

0-179 

0-339 

0-289 

0-184 

0-161 

0-188 

0-356 

0-304 

0-193 

0-170 

0-198 

0-375 

0-320 

0-203 

0-177 

0-207 

0-392 

0-335 

0-212 

0-186 

0-217 

0-411 

0-350 

0-223 

0-195 • 

0-227 

0-430 

0-366 

0-233 

0-202 

0-236 

0-447 

0-381 

0-242 

0-211 

0-246 

0-466 

0-397 

0-252 

0-219 

0-256 

0-485 

0-413 

0-263 

0-228 

0-266 

0-504 

0-430 

0-273 

0-237 

0-276 

0-523 

0-446 

0-283 

0-245 

0-286 

0-542 

0-462 

0-293 

0-254 

0-296 

0-561 

0-478 

0-304 

0-262 

0-306 

0-580 

0-494 

0-314 

0-271 

0-316 

0-598 

0-510 

0-324 

0-279 

0-326 

0-617 

0-526 

0-834 

0-288 

0-336 

0-636 

0-543 

0-345 

0-297 

0-347 

0-657 

0-560 

0-356 

0-306 

0-857 

0-676 

0-577 

0-366 

0-815 

0-367 

0-695 

0-593 

0-376 

0-324 

0-378 

0-715 

0-610 

0-388 

0-333 

0-388 

0-735 

0-027 

0-398 

0-342 

0-399 

0-755 

0-644 

0-409 

0-351 

0-409 

0-775 

0-661 

0-419 

0-360 

0-420 

0-795 • 

0-678 

0-431 

0-369 

0-430 

0-815 

0-695 

0-441 

0-378 

0-441 

0-835 

0-712 

0-452 

0-387 

0-452 

0-856 

0-730 

0-466 

0-397 

0-463 

. 0-877 

0-748 

0-475 
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Specific Gravities of Nitric Acids at 


(Lunge 


Sp. gr. at 




100 parts by weight 

contain 



“ B . 

^Tw. 



- _ 


— 

(in vacuo)i 




HNO3 . 

Acid of 

Acid of 
4 a"B. 

Acid of 

1-240 

27-9 

48 

32-82 

38-29 

72-52 

61-84 

39-27 

1-245 

28-4 

49 

33-47 

39-05 

73-96 

63-07 

40-05 

1-250 

28-8 

50 

34-13 

39-82 

75-42 

64-31 

40-84 

1-255 

29-3 

51 

34-78 

40-58 

76-86 

65-54 

41-62 

1-260 

29-7 

52 

35-44 

41-34 

78-30 

66-76 

42-40 

1-265 

30-2 

53 

36-09 

42-10 

79-74 

67-99 

43-18 

1-270 

30-6 

54 

36-75 

42-87 

81-20 

69-23 

43-97 

1-275 

31-1 

55 

37-41 

43-64 

82-65 

70-48 

44-76 

1-280 

31-5 

56 

38-07 

44-41 

84-11 

71-72 

45'55 

1-285 

32-0 

57 

38-73 

45-18 

85-57 

72-96 

46-34 

1-290 

32-4 

58 

39-39 

45-95 

87-03 

74-21 

47-13 

1-295 

32-8 

59 

40-05 

46-72 

88-48 

75-45 

47-92 

raoo 

33-3 

60 

40-71 

47-49 

89-94 

76’70 

48-71 

i-ao5 

33-7 

61 

41-37 

48-26 

91-40 

77-94 

49-.50 

1-310 

34-2 

62 

42-06 

49-07 

92-94 

79-25 

50-33 

1-315 

34-6 

63 

42-76 

49-89 

94-49 

80-57 

51-17 

1-820 

35-0 

64 

43-47 

50-71 

96-05 

81-90 

52-01 

1-325 

85-4 

65 

44-17 

51-.53 

97-60 

83-22 

52-85 

1-380 

35-8 

66 

44-89 

52-37 

99-19 

84-58 

.53-71 

1-3325 

36-0 

66-5 

45-26 

52-80 

100-00 

85-27 

54-15 

1-335 

36-2 

67 

45-62 

53-22 

100-80 

85-95 

54-.58 

1-340 

36-6 

68 

46-35 

54-07 

102-41 

87-32 

55-46 

1-345 

37-0 

69 

47-08 

54-93 

104-04 

88-71 

56-34 

1-350 

37-4 

70 

47-82 

55-79 

105-67 

90-10 

57-22 

1-355 

37-8 

71 

48-57 

56-66 

107-31 

91-51 

58-11 

1-360 

38-2 

72 

49-35 

.57-57 . 

109-03 

92-97, 

59-05 

1-365 

38-6 

73 

50-13 

58-48 

110-75 

94-44 

59-98 

1-370 

39-0 

74 

50-91 

59-39 

112-48 

95-91 

60-91 

1-375 

39-4 

75 

51-69 

60-30 

114-20 

97-38 

61-85 

1-380 

39-8 

76 

52-52 

61-27 

116-04 

98-95 

62-84 

1-8833 

40-0 


53-08 

61-92 

117-27 

100-00 

63-51 

1-385 

40-1 

77 

.53-35 

62-24 

117-88 

100-51 

63-84 

1-390 

40-5 

78 

54-20 i 

63-23 i 

119-75 

102-12 

64-85 

1-395 

40-8 

79 

55-07 

64-25 i 

121-68 

108-76 

65-90 

1-400 

41-2 

80 

55-97 

65-30 1 

123-67 

105-46 

66-97 

1-405 

41-6 

81 

56-92 

66-40 

125-75 

107-24 

68-10 

1-410 

42-0 

82 

57-86 

67-50 

127-84 

109-01 

69-23 

1-415 

42-3 

83 

58-83 

68-63 

129-98 

110-84 

70-39 

1-420 

42-7 

84 

59-83 

69-80 i 

132-19 

112-73 

7 r .59 

1-425 

43-1 

85 

60-84 

70-98 j 

134-43 

114-63 

72-80 

1-430 1 

43-4 

86 

61-86 

72-17 i 

136-68 

116-55 

74-02 

1-435 

43-8 

87 

62-91 

73-39 

138-99 

118-52 

75-27 

1-440 

44-1 

88 

64-01 

74-68 

141-44 

120-61 

76-59 

1-445 

44-4 

89 

65-13 

75-98 

143-90 

122-71 

77-93 

1-450 

44-8 

90 

66^24 

77-28 

146-36 

124-81 

79-26 

1-455 

45-1 

91 

67-38 

78-60 

148-86 

126-94 

80-62 

1-460 

45-4 

92 

68-56 

79-98 

151-47 

129-17 

82-03 

1-465 

45-8 

93 

69-79 

81-42 

154-20 

131-49 

83-51 

1-470 

46-1 

94 

71-06 

82-90 

157-00 

133-88 

85-03 

1-475 

46-4 

95 

72-39 

84-45' 

159-94 

136-39 

86-62 


NITRIC ACID. 


191 


15“ (compared with water at 4°). 
and Key). 
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Specific Gravities of Nitric Acids at 
(Lunge 


Sp. pr. at 



100 parts by weight contain 



“Tw. 






4^ 






Acid of 

Acid of 

(in vacuo). 



N.,Os. 

HNO,. 

86’B. 

40B. 

48i''B. 

1-480 

46-8 

96 

73-76 

86-05 

162-97 

138-97 

88-26 

* 1-485 

47-1 

97 

75-18 

87-70 

166-09 

141-63 

89-95 

1-490 

47-4 

98 

76-80 

89-60 

169-69 

144-70 

91-90 

1-495 

47-8 

99 

78-52 

91-60 

173-48 

147-93 

93-95 

1-500 

48-1 

100 

80-65 

94-09 

178-19 

151-99 

96-50 

1-501 



81-09 

94-60 

179-16 

152-78 

97-03 

1-502 



81-50 

95-08 

180-07 

153-55 

97-52 

1-503 



81-91 

95-55 

180-96 

154-31 

98-00 

1-504 



82-29 

96-00 

181-81 

155-04 

98-46 

1-505 

48-4 

101 

82-63 

96-39 

182-55 

155-67 

98-86 

1-506 



82-94 

96-76 

183-25 

156-27 

99-27 

1-507 



83-26 

97-13 

183-95 

156-86 

99-62 

1-508 

48-5 


83-58 

97-50 

184-65 

157*47 

100-00 

1-509 



83-87 

97-84 

185-30 

158-01 

100-35 

1-510 

48-7 

102 

84-09 

98-10 

185-79 

158*43 

100-62 

1-511 



84-28 

98-32 

186-21 

158-79 

100-84 

1-512 



84-46 

98-53 

186-61 

159-13 

101-06 

1-513 



84-63 

98-73 

186-98 

159-45 

101-26 

1-514 



84-78 

98-90 

187-30 

159-72 

101*44 

1-515 

49-0 

103 

84-92 

99-07 

187*63 

160-00 

101*61 

1-516 



85-04 

99-21 

187-89 

160-22 

101-75 

1-517 



85-15 

99-34 

188*14 

160-43 

101-89 

1-518 



85-26 

99-46 

188-37 

160-63 

102-01 

1-519 



85-35 

99-57 

188-58 

160-81 

102-12 

1-520 

49-4 

104 

85*44 ! 

99-67 

188-77 

160-97 

102-23 


Tests for Impurities. 

As in the preceding article. 

Quantitative Estimation. 

The specific gravity is used to describe the strength of the 
commercial acid. According to Krant, an acid of 1 518 sp. gr* 
contains 4’16 per cent, hyponitric acid. A large percentage o£ 
the latter is evidenced from the quantity and dark colour of the 
fumes which escape on opening the bottle. According to 
Mohr (Lehrbuch der Titrirmethodc) the acid contains 4’‘2 per 
cent, hyponitric, and ho estimates this by mixing the sample 
with water, and using special precautions to ensure the con- 
version of hyponitric into nitrous and nitric acids, the former 
of which he estimates with permanganate. The red fuming 
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15“ (compared with water at 4°). 
and Rey.) 


1 litre contain kgms. 


NaOg. 

HNOa. 

Acid of 

ae^B. 

Acid of 

40^B. 

Acid of 

1*092 

1*274 

2*413 

2*058 

■ 1-307 

1*116 

1*802 

2*466 

2*103 

1*336 

1*144 

1*335 

2*528 

2*156 

1*369 

1*174 

1*369 

2*593 

2*211 

1*404 

1*210 

1*411 

2*672 

2*278 

1*447 

1*217 

1*420 

2*689 

2*293 

1*456 

1*224 

1*428 

2*704 

2*306 

1*465 

1*231 

1*436 

2*720 

2*319 

1*473 

1*238 

1*444 

2*735 

2*332 

1*481 

1*244 

1’451 

2*748 

2*843 

1*488 

1*249 

1*457 

2*759 

2*353 

1*494 

1*255 

1*464 

2*773 

2*364 

1*502 

1*260 

1*470 

2*784 

2*374 

1*508 

1*265 

1*476 

2*795 

2*384 

1*514 

1*270 

1*481 

2*805 

2*392 

1*519 

1*274 

1*486 

2*814 

2*400 

1*524 

1*277 

1*490 

2*822 

2*406 

1*628 

1*280 

1*494 

2*829 

2*413 

1*532 

1*283 

1*497 

2*835 

2*418 

1*535 

1*287 

1*501 

2*843 

2*424 

1*539 

1*289 

1*504 

2*848 

2*429 

1*543 

1*292 

1*507 

2*854 

2*434 

1*546 

1*294 

1*510 

2*860 

2*439 

1*549 

1*296 

1*512 

2*864 

2*442 

1*551 

1*299 

1*515 

2*869 

2*447 

1*554 


acid contains varying proportions of nitric, nitrons and hypo- 
nitric acids, but evidently the darker acid contains very little 
nitrous, if any. The usual test will not show this as both 
these lower acids act similarly towards permanganate. On the 
titration with permanganate, see p. 194. 


Uses and 5torag:e. 

Sec “ Nitric Acid,” puriss. 


Commercial Varieties. 

These consist of the puriss. fuming, sp. gr., 1‘525 ; and the 
pure, sp. gr., 1*48, according to the Cxcrman Pharmacopoeia. 
Like the pure they often contain sulphuric acid, and it is im- 
portant to test for this impurity where the acid has to be used 
tor the ultimate organic analysis of compounds containing 
sulphur. 

N 
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NITRfc ACID, CRUDE. 

Nitric Acid, Crude. 

A liquid, frequently very yellow in colour, owing to the pre- 
sence of hyponitric acid. It often shows a strong chlorine and 
sulphuric acid reaction, contains iron, and in many cases 
arsenic and iodic acid. The percentage of crude nitric acid 
from the specific gravity may be found in the tables on p. 188, 
et scq. 


Correction for the Specific Gravity of Nitric Acid containing 
Hyponitric Acid (Tjunge and Marchlewski). 

In the case of acids of sp. gr. 1-49 at the following deductions 
must be made to find the gravity equivalent to the nitric acid 
actually present : — 


NjO* 
per cent, 

Correction. 

NoO^ 
per cent. 

Correction. 

N.2O4 
per C(‘nt. 

Correction, 

0-25 

0’0005 

4-50 

0-0288 

8-75 

0-0583 

()’ r )0 

0 - 0 ( K )8 

4-75 

0-0305 

9-00 

0-0600 

0*75 

0-0015 

5-00 

0-0323 

9-25 

0-0616 

1-00 

0-0030 

5-25 

0-0337 

9-50 

0-0633 

1-25 

0-0048 

5-50 

0-0360 

9-75 

1 0-0650 

1-30 

0-()068 

5-75 

0-0378 

10-00 

0-0660 

1-75 

0-0078 

6-00 

0-0395 

10-25 

I 0-0682 

2 *()() 

0-0105 

6-25 

0-0118 

10-50 

i 0-0698 

2-25 

0-0125 

6-50 

0-0430 

10-75 

0-0714 

2-00 

0-0143 

0-75 

0-0448 

11-00 

1 0-0730 

2*75 

0-0103 

7-00 

00165 

11-25 

0-0745 

IkOO 

0-0180 

7-25 

0-0472 

11-50 

i 0-0760 

3*25 

0-0199 

7-50 

0-0500 

11-75 

0-0775 

3*50 

0-0217 

7-75 

0-0517 

12-00 

0-0785 

3-75 

0-0235 

8-00 

0-0533 

12-25 

0-0805 

4’00 

0-0253 

8-25 

0-0550 

12-50 

0-0820 

4’25 

0-0209 

8-50 

0-0566 

12-75 

1 0-0835 

1 


Note on above Table-- It must be borne in mind tliat, in deter- 
mining the specific gravity of nitric aci<l, particularly the crude 
acid, the lower oxides of nitrogen are generally present in sucli 
quantity as to seriously vitiate tlie results obtained. Lunge and 
Marchlewski (J.8.C.I., 189‘2, p. 432) recommend, therefore, that, in 
addition to estimating the percentage of real acid present by means 
of the specific gravity and titration with alkali, a quantitative deter- 
mination of the hyponitric acid must also be made with standard 
permanganate, as follows : — A narrow burette, accurately calilmated 
and divided into twentieths of a c.c. in order that O'Ol c.c. can be 
easily read off, is filled with the acid, which is then added drop by 
drop to a known quantity of seminormal permanganate solution, 
heated to 40"^, till the colour disappeai's. The acid is allowed to 



NITROSO-^ -NAPHTHOL— O-NITROBENZALDEHYDE. 19? 

stand in tlio burette for some time until if, has attained the tem- 
perature of the room. The number of e.c. multiplied by the specihc 
^^ravity corrected for temperature gives the weight of acid used, and 
the amount of N 2 O 4 present is calculated from it. The perman- 
ganate may be standardised on iron, or with liydrogeii peroxide in 
the nitrometer. Tlie authors liave analysed the strong commercial 
acid, sp. gr. I'lhGO at^^ by this method, and also samples to wliicli 
varying proportions of pure hyponitric acid liad been added*, witli 
the result that tliey have compiled tlie jtbove taldc, whicli only neces- 
sitates an estimation of the hyponitric acid in order to find the cor- 
rection to be made on the specific gravity ; reference to the table 
of Lunge and Rey will then show the percentage of real acid present. 
This correction liolds good where the hyponitric acad present is re- 
garded as being inactive ; whereas if, as sometimes occurs, half the 
quantity is assumed to l)e in the active state, according to the for- 
jiiula — NoO^ f -1-HN(1„ the above table cannot lie used. 

Tlie table is of great assistance, for example, in finding the strength 
of the strong acids used for nitrating purposes, where the whole of 
tlie NoO^ is regarded as inactive. Imnge lias endeavoured to com- 
pile similar tables for stronger and weaker acids than those given, 
Init could not obtain serviceable results; he concludes that the total 
acid must be estimated by titration, and the liyponitric by perman- 
ganate, in order to find the influence exerted liy tlie latter on the 
specific gravity (J.S.C.I., 1802, p. 775). 


Nitroso-/5-Naphthol. 


(^noH(-,(NO)OTT). Mol. Wt., 17‘2T)‘L Orange-brown crystals, 
molting at 109'5“, and easily sohdile in ether and hot alcohol. 

The compound is used in quantitative analysis for tln^ separa- 
tion of metals, e.q., nickel and cobalt, (dc. (0. v. Knorre, 
-T.S.C.I., 1887, p.’384 : 1893, p. 711; ('limn. -Ztg., 1895, p. 
1421). 

o-Nitrobenzaldehyde. 

Mol. Wt., 150’08. Ijigbt yellow needles, 

melting at 46^, and easily soUdile. in alcohol and ether. E. 
I^iUly employs an alcoholic solution of this compound for the 
ftetection of urea (J.C.S., 1889, A., p. 4059). 

* A detailed account of the. results obtained is given in the refer- 

quoted. 
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‘Nltfo-Phenol. 

(CgH^fOIDiYOo). Mol. Wt, 13871. Orthonitrophenol con- 
sists of yellow needles, melting at 45^; those of the para com- 
pound arc colourless and melt at 112°. 

C. W. Teeter recommends nitro-phenol as a test for potas- 
siimi {Amer. Drugfi^., 1887, 16, p. 81). According to Lang- 
beck, it may be employed as a delicate indicator in alkalimetry 
(Chem. Centralblatt, 1881, p. 387). 

Oil of Cloves 

See “ Eiigeiiol,'’ p. 100. 

Oxalic Acid. 

Acid, oxalic, puriss. (C 2 H./) 4 , 2HoO). Mol. Wt., 125*70. 
Colourless crystals, which must show no sign of efflorescence. 

Tests for Impurities. 

Residue. gms. must leave no residue on ignition in a 
platinum capsule. 

Note. — Samples are often found containing potash, and leaving a 
strongly alkaline residue on ignition. The author lately examined 
three such samples marked “ puriss.” and found them to contain 
from O' 5 to 1 per cent, of potasli ; as the acid is used for potash 
estimations, this point is very important. 

Sulphuric Acid.—f) gms. nr(‘ dissolved in 100 c.c. of water 
and a few drops of hydrochloric acid and barium chloride added ; 
after standing for several hours in a hot place no precipitate 
must form. 

ffennj Metals. —The solution (1 : 10) must give no reaction 
with ammonia and ammonium sulphide and the solution must 
be clear. 

Ammonia.— (a) On heating 2 gms. in a test tube with excess 
of caustic soda solution there must be no smell of ammonia 
and no reaction with moist turmeric paper, (b) 2 gms. are 
dissolved in 30 c.c. of water and excess of caustic potash (pure 
by alcohol) and 15 drops of Nessler’s reagent added; no dia* 
tinctly yellow or brownish-red colour should appear. 

Note. — Samples containing a large quantity of ammonia, and 
causing serious discrepancies \Yhcn used for the preparation of stan- 
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dard solutions, have been met with. An estimation of the acid 
present ought to show from 99 to 100 per cent. The crystals gener- 
ally contain a small quantity of extraneous water, but are otherwise 
verv pure, and may be used for all ordinary analytical purposes, i.e., 
for ])recipitating and separating purposes in qualitative and quan- 
titative analysis. When the acid has to be used as a standard in 
alkalimetry, a sample showing exactly 100 per cent, must be used. 
This may be prepared by careful drying — a matter of great diffi- 
culty when large quantities are being treated. 

Quantitative Estimation. 

The acid may bo estimated by titration with normal alkali, 
(1 c.c. equals {>'()()285 gm. C 2 H 2 O 4 , ‘dH 20 ), or by standard per- 
manganate solution. In the latter method 1 gm. is dissolved 
in c.c. of water, 50 c.c. are drawn oh, transbuTcd to a 
beaker, and diluted with about 100 c.c. of water to which from 
6 to 8 c.c. of pure concentrated sulphuric acid have been added ; 
the mixture is tlum heated to about 60"' C. The beaker is now 
placed on a white surface and permanganate added drop by drop 
from a burette, with constant stirring, until the red colour 
remains. The titre of the permanganate solution, which con- 
tains about 5 gms. per litre, is previously established on care- 
fully dried oxalic acid (sc'c “ Uses ”) pre])ared as described 
above; a bettc'r method, however, is to use potassium tetroxa- 
latc as the standard, see p. ‘259. 

Uses, Storage, and Normal Oxalic Acid. 

The pure acid is often used for standardising piu j)Oses and 
as a standard in alkalimetry ; also for the separation of alkalies 
and magnesia, and for the detection and estimation of calcium. 
For use in analysis, therefore, the acid must conform to all of 
the above tests. It lias a distinct tendency to eliloresce, even 
at 20°. The crystals must be obtained by interrupted crystal- 
lisation in order to avoid extraneous moisture. The dried 
crystals must show no signs of ctnoresceuco, but yet must be so 
well dried that no particles adhere to the sides when shaken 
lip in a glass vessel ; when these precautions are taken the acid 
remains unchanged, and the aqueous solution keeps well in 
dark bottles. A litre of the normal acid contains 62’9 gms. 

Commercial Varieties. 

The acid employed fo:? technical purposes generally contains 
sulphuric acid and potash. The dehydrated acid has lately be- 
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PALLADIUM AND ITS SALTS. 


come a market article, and is used for some analytical purposes. 
It is not well adapted for standardising solutions, however, 
owing to its hygroscopic nature. 


Palladium and its Salts. 

Palladium (Pd). At. Wt., I()()'d5. The metal resembles 
platinum in appearance, lustre and ductility. Palladium black 
is a grey spongy mass, soluble in hydrochloric acid in presence 
of air. Tdie solid metal dissolves in aqua regia. 

Tests for Impurities. 

Distinction hchreen Patlndmni and Platinum Foil.—^ drop 
of alcoholic solution of iodine, wluai allowed to ovaf)orate spon- 
taneously on ])alladium foil, colours the metal black at the 
point of contact; this colour disappears on ignition. When 
platinum is similarly treated no colour appears. 

Copper, Iron, etc. To the solution in aqua regia ammonia 

in excess is add('d till the flesh-coloured precipitate of palladious 
ammonium chloride at first formed redissolves ; hydrochloric 
acid gas, which precipitates th(‘ metal as the yellow palladious 
ammonium chloride, is then |)assed into the solution, copper 
and iron remaining in solution. The chloride is converted into 
spongy palladium on ignition. In the filtrate all remaining 
traces of palladium, as well as the cop[)er, may be removed by 
means of zinc (Pfissler). A still better method is to neutralise 
the solution in aqua regia with sodium carbonate, and precipi- 
t:ite the palladium and co})p(‘r with mercuric cyanide. The 
precipitate is wash(‘d, ignited and dissolved in nitric acid, and 
on nearly neutralising this solution with sodium carbonate and 
boiling with potassium formate and a little acetic acid the pal- 
ladium precipitates in large, thin, lustrous plates, whik'. the 
cof){)er I’emains in solution. The presence of copper may he 
seen from the greerdsh ap|)earance of the mercury cyanide pre- 
cipitafi', which ought to be of a yellowish-white colour. 


Quantitative Estimation. 

Either the method given above rajiy be used, or the metal 
may be precipitated as palladium iodide, and after washing con- 
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verted into the metallic state by ignition. These methods are 
recorded in Tresenius Quant. Anal., Vol. L, pp. ‘2G7, 365. 
Frenkel (J.C.S., 1893, A. 11. , p. 195) has estimated the palla- 
dium in the alkaline })alladious chlorides used for commercial 
purposes; by reduction with alcohol in alkaline solution he 
found 33' 14 per cent, metal. 


Uses. 

Spongy palladium or palladium black is used in gas analysis 
for the sepa]‘ati(jii of hydrogen when mixed with other gases, 
and also for the eoinbusiiou of hydi'ogen or hydrocarbons with 
oxygen. On the use of palladium wire for the determination 
of hydrocarhons in the atmosphere see Coquillion, Chem. Cen- 
tralblatt, 1878, p. 101 ; and J.C.S., 1878, p. 773. 

Palladium Asbestos.— Asbestos covered with the metal is 
used as a hydrogen absorbent, and its preparation is given in 
Winkler’s dVchnical Gas Analysis, p. 77. It contains 50 per 
cent.' palladium. 

Commercial Varieties. 

Tlie eommercial nu'tal often contains a little iron and con- 
siderable quantities of copper. In addition to the pure metal 
in various forms, alloys with gold, silver, and copper are found 
in the market under the name of “Palladium en chaux.” 
These are used in the manufacture of watches. 

Palladium Salts. 

44io following an' us(?.d in analysis : — 

Palladium cJiloratuni. Palladium, profochloridc (PdPk). It 
may be obtained by evaporating a solution of the metal in aqua 
regia to dryness, when it forms a dark brown hygroscopic mass. 
A 5 per cent, solution is also sold and is used as a reagent for 
several gases, such as illuminating gas and carbon monoxide, 
but particularly for iodine. The double salt of sodium and pal- 
ladium is often used with advantage in place of the above, or a 
solution consisting of 1 part PdCl 2 ^ 2NaCl in 12 parts of water. 
It forms a red hygroscopic salt soluble in water and alcohol. 
The percentage of the metal in its salts can be easily estimated 
by titrating or precipitating in dilute solution with potassium 
iodide (sec under “ Palladium ’’). On the testing of the com- 
mercial alkaline palladiOus cliloride, see under “Quantitative 
Estimation.” 
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Palladium nitricum. Nitrate of palladium (PcKNOa)^. This 
is formed by dissolving the metal in nitric* acid containing a 
little nitrous acid, and is a brown hygroscopic salt which always 
gives a turbid solution with water, owing to the presence of 
basic salts. The aqueous solution, especially when dilute, 
slowly deposits all its palladium in the basic form. It is used 
for the quantitative separation of chlorine and iodine, and is 
tested in the same way as the chloride. A characteristic of this 
salt, and of palladium and its salts generally, is the blackish- 
browm precipitate of the iodide which forms on adding potas- 
sium iodide. 


Perchloric Acid. 

Acid, perchloricurn purum (HCIOJ. Mol. Wt., 1()0'21, 
Transparent liquid. 8p. gr.,1‘12. 


Tests for Impurities. 

Residue— On heating 10 gms. of the acid in a porcelain basin 
no residue should remain behind, or only mere traces. 

Hydrochloric Acid— The solution (1 : 30) should only show 
a slight turbidity on adding silver nitrate. 

Baryta . — As under “ Chloric Acid,” p. 76. 

Sulphuric Acid —The solution (1 : 30) must not show a tur- 
bidity on adding hydrochloric acid and barium chloride, even 
after long standing. 

Metals.— On diluting with water, and adding hydrogen sul- 
phide, or ammonia and sulphuric acid, no turbidity must appear. 
The acid must show the theoretical amount of potassium per- 
chlorate; on precipitation in pure potassium chloride solution. 
The analysis is described in /eit. f . angew. Chem. , 1891 , p. 692. 

Quantitative Estimation. 

The tests given above are sufficient, but a quantitative esti- 
mation may be made by precipitating as the potassium salt, 
according to Kreider (see ” Potassium Perchlorate,” p. 252). 

Uses. 

An aqueous solution of the acid precipitates potassium per- 
chlorate when the solution is not too dilute, and may therefore 
be used for the estimation and detection of potassium. Wense 
(J.S.C.I., 1892, p. 711) specially recommends its use for the 
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former purpose, and prepares the acid as follows Hoc. cit.) 

In a moderately thick glass retort 1 part of potassmm per- 
chlorate is distilled in vacuo with ‘2 parts of 90 per cent, sul- 
phuric acid over a small naked flame. The distillate is then 
diluted and the sulphuric acid precipitated from the boiling 
solution with barium chloride. The acid is then evaporated 
on the water bath until it no longer smells of hydrochloric acid 
and has assumed a syrupy consistency when it is finally redis- 
tilled. For a simple method of preparing perchloric acid and 
its application for the determination of potassium, see also 
Kreider, Chem. News, Vol. LXXIll., 1896, p. 8. 

Phenacetolin. 

Phenacetolin may be prepared by heating equal molecular 
proportions of phenol, concentrated sulphuric acid, and glacial 
acetic acid, and finally removing the free acid by means of 
water. The residue is used as an indicator, dissolving in 
caustic alkalies to a pah', yellow, and forming intensely red 
compounds with the alkaline earths. On its semsitiveness, see 
“ Table on Indicators,” p. 130. Details regarding its use, see 
Cohn, Indicators and Test Papers, p. 122. 

Phenol. 

Phenol absolut. : carbolic acid (CeHsOH). Mol. Wt., 93*78. 
Thin, (olourless crystals, which lie loosely together, and are 
not of a disagreeable odour. 

Tests for Impurities. 

Volatility . — The acid must volatilise completely. 

Melting Point.— This lies between 40'" and 42'". 

Soluhility .—^oluhh to a clear solution in 15 parts of water. 

Quantitative Estimation. 

An ample guarantee of its purity is obtained if the sample 
conforms to the above tests. 

Uses and Storage. 

It is used for the detection of bromine, iron, etc., giving 
with the former a yellowish-white precipitate, and a violet 
colour in the presence of ferric chloride. It produces a blue 
colour with sulphuric acid when nitrous acid is present. 
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MiJIons Reagent, which consists of a mercuric nitrate solu- 
tion, containin^^ nitrous acid, gives a yellow precipitate on boil- 
ing \vith carbolic acid, the |)recipitatc dissolving in nitric acid 
to a rich red colour. On the preparation of Millon’s Reagent, 
seep. 178. 

Phenol Siilphonic Acid is used in the estimation of nitrogen 
by the Kjeldahl or Jodlbaur method. It may be obtained by 
dissolving 50 gms. of absolute phenol in enough pure concen- 
trated sulphuric acid of (WP Be. to give 100 c.c. Carbolic acid 
must be carefully kept in bottles with a special mark, as it is a 
very active poison. 

Commercial Varieties. 

The acid is sold with a guaranteed melting point. Less 
pure varieties, with melting points from M"" to 35°, and the 
crude carbolic acid are also found in the market. 

Phenol Phthalein. 

Phenolphthaiein pur. (C 20 H 14 O 4 ). Mol. Wt., 317-24. A 
yellowish-white, or almost white, crystalline powder, melting 
at 250°. 

Tests for Impurities. 

I' olatilitij.—0'5 gm. ignited in a platinum capsule must leave 
no residue. 

Sohihilitij in Alcohol — A clear solution must be obtained 
with 10 |)arts of alcohol, and the alcoholic solution (1 : 100 ) 
must be colourless. 

Sensitirencss. --The test is j)erformed as under "Litmus 
Tincture, p. 103, and is as follows : — On adding phenolphtha- 
iein to 250 c.c. of boiled and cooled distilled water, not moi'e 
than from O' 08 to O'OO c.c. (3 drops) of alkali must be added 
to produce a violet colour untinged with red. 

Note.— The al)ove specification is ^dveii by Iteinitzer (Cheiu. News, 
Vol. I.XX., mi p. 240). K. T. Thomson (J.S.C.I., 1887, p. 195; 
1895, p. 452; J.C.8., 1885, A., p. 827; 1884, A., pp. 691, 869) 
employs a solution containing 0*5 gm. in a litre of 50 per cent, 
alcohol, of which 0'5 c.c. diluted with 100 c.c. of water, should use 
O'l c.c.^"^ alkali to produce a red colour. 

Uses. 

The indicator may be used in the estimation of caustic alkali 
in presence of carbonate, and for the estimation of carbonate 
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in presence of alkaline bicarbonate. In presence of the 
slightest excess of caustic alkali a distinct red colour is pro- 
duced, which disappears on adding the merest trace of acid, 
even carbonic. Fixed alkali does not interfere with the re- 
action, but the indicator is useless in presence of ammonia or 
its salts. The purer the preparation the more delicate its 
action. The pure compound may be pre[)ared, according to 
Baeyer, by heating together 5 parts of phtlialic anhydride, 10 
parts of phenol, and 4 parts of concentrated sulphuric acid for 
several hours at 115'' — 120", the resulting compound forming a 
phthalein of phenol, ddie reaction does not take place (piaii- 
titatively, many by-products being formed which interfere with 
the delicate properties of tlu'. indicator, and consist chiefly of 
resinous bodies giving coloured solutions in presence of acids. 
Details regarding this most useful and sensitive indicator are 
given in Sutton’s Vol. Anal., p. 37. 

A 1 per cent, solution in 50 per cent, alcohol may be advan- 
tageously used, and in titrating 100 c.c. of the solution the 
same quantity of the' indicator ought always to be added, 5 
drops being a convenient quantity. 

Commercial Varieties. 

These vaiy considerably in degree of purity, often containing 
the id)ove mentioned resinous compounds. 

Phenyl-Hydrazine. 

Thenylhydrazin. pnriss. (D6H„N.A. Wt., 107*84. 

(Colourless, oily, faintly aromatic liquid, solidifying at a low 
temperature, and melting again at 23". Boiling point, 233". 
The compound is used as a test for aldehydes, ketones and 
sugars (Allen’s Comm. Organ. Anal., Vol. L, pp. 218, 349). 
With sugar glucosazone is formed, varying reactions being 
obtained according to the form of sugar present. flTie compound 
is also used for the detection of carbon disulphide, see “ Ben- 
zene,” p. 50. On its employment as a reagent, see Fischer, 
J.S.C.I., 1884, p. 331. On the estimation of the carbonyl 
oxygen in aldehydes and ketones, particularly acetone, by 
means of phenyl-hydrazine, see Strache, J.S.C.I. , 1893, p. 185. 


Phloroglucin. 

Phloroglncin. puriss. (GgHeOa, 2 H 2 O). Mol. Wt., 161*62. 
White or slightly yellow crystalline powder, parting with its 
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water of crystallisation at 100“. On heating the substance 
rapidly it melts at from 200"" to 209“ (Bayer, Ber. d. d. chern. 
Ges., 19, p. 2186). It dissolves rapidly in water, alcohol and 
ether. 


Tests for Impurities and Quantitative Estimation. 

The mcltin^j’ point, solubility in water, ether and alcohol, and 
prosenc(i of diresorcin, comprise the tests to be applied. In 
consequence of the presence of a small quantity of diresorcin 
the substance presents the well-known granular crystalline 
appearance, and according to Her/dg and /eisel (d.C.S., 1891, 
A., p. 125), this impurity is always to be found in the com- 
mercial preparations. Tin* din'sorcin may be detected as 
follows i —A few milligrainsof tlu' |)hloroglucin are treated with 
1 c.c. of concentrated sulphuric acid, 1 to 2 c.c. of acetic an- 
hydride are then added, and the* mixture heated for five to ten 
minutes on the water bath at 100“; in presence of as little as 
0’4 per cent, diresorcin a beautiful bluish-violet colour appears. 
A slight trace of this impurity lU'cd not be objected to, how- 
ever, and it is therefore not essential that “ phloroglucin 
puriss.” should stand the above test. Nevertheless, there must 
not be any cotisiderable quantity of diresorcin present, even in 
this preparation, and “phloroglucin pro analysi ” which con- 
tains a few units per cent, of diresorcin should be rejected. 
94ris phloroglucin is tested by Skraup’s method ; sec also C. 
T\ ranch, Chem.-Ztg., 1897, No. 2. Bhloroglucin is used in 
the estimation of pentoses and j)entosans tor the precipitation 
of furfiirol by ('ouncler’s method (Allen’s Comm. Organ. Anal., 
Vol. L, p. 546). Kruger and Tollens (Zeit. f. angew. Chern., 
1896, p. 40), in estimating furfurol by the modification pro- 
posed by them, consider that Merck’s phloroglucin pure for 
analysis, in.p., 210“, and containing a little diresorcin, may 
be used as advantageously as the compound freed from this im- 
purity by Skraup’s method. Merck now manufactures this 
f)reparation, but the price is much in excess of the former. It 
must show absolute freedom from diresorcin. It can also be 
used for the determination of furfurol, and for this purpose is 
preferred by Councler (see Krauch loc. cit.) to the “ phloroglucin 
puriss., Merck,” which formerly contained considerable quan- 
tities of diresorcin. 
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Uses. 

Phloroglucin is employed as a test for lignin. On the detec- 
tion of woody fibre in paper, see Allen’s Comm. Organ. Anal., 
Vol. L, p. 394; tissue containing lignin may be distinguished 
from cellulose by the intense red colour produced by phloro- 
glucin and hydrochloric acid. The colour reactions of phloro- 
glucin and carbon compounds in general are described by Emil 
Nickel (Zeit. f. anal. Chem. , 1889, p. 244, et seg.), and similar 
reactions with some of the essential oils by Ihl (J.S.C.I., 
1889, p. 421). 

Giinzberg’s phloroglucin and vanillin reagent, used for the 
detection of free hydrochloric acid in the gastric juice, is pre- 
pared by dissolving 2 gms. of phloroglucin and 1 gm. of vanillin 
in 30 gms. of alcohol (Pharm. Ztg., 1891, p. 393). A solution 
in nitric acid is used in microscopy as a decalcifying agent 
(Rep. d. Chem. -Ztg., 1891, p. 156). 

Commercial Varieties. 

The commercial compound often contains diresorcin, and 
has on that account a high melting point, as that substance 
melts at 310"". (See also “ Tests for Impurities.”). 


Phospho-Moiybdic Acid. 

Acid. phQspho-molybdacnic.cryst. (I2M0O3, P04H3,20H20). 
Mol. Wt., 224G'80. Yellow, lustrous crystals, easily soluble 
in water, and showing an acid reaction. 

Tests for Impurities. 

Solubility, Heavy Metals, and Earths.— 2 gms. must dis- 
solve completely in 10 c.c. of water, and the solution must 
give a heavy precipitate with a trace of ammonia, again be- 
coming perfectly clear on adding excess. If to this solution 
ammonium sulj)hidc and ammonium oxalate are added no 
change should be observed. 

Quantitative Estimation. 

The acid is dissolved in ammonia and the phosphoric acid 
estimated with magnesia mixture in the usual way. The 
molybdenum may also be estimated volumetrically by titra- 
tion with permanganate (see Fresenius, Quant. Anal., Vol. I., 
P- 290; see also under “'Molybdic Acid,” p. 182). 
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Uses. 

The acid produces a yellow precipitate in strongly acid solu- 
tions of potassium, ammonium, rubidium, caesium, and thal- 
lium salts, the precipitates consisting of the respective phos- 
phomolybdates ; it also precipitates the alkaloids, and is one 
of the most important group reagents for their identification. 

Commercial Varieties. 

The crystals are often badly formed, and dissolve imper- 
fectly. A solution of the acid is also sold as a reagent. 

Phosphotungstic Acid. 

.\cid. phos|)ho-wolf ramie, cryst. 8IPO). 

Small, y('llowish-grecn crystals, ddie following varieties are 
on the market : (1) the ordinary acid in crystals, (2) solution of 
the sanuy and (3) crystals alisolutely free from and NnOg. 
Tt has the special property of precipitating organic bases (see 
Allen’s Comm. Organ. Anal., Vol. IIL, Pt. II., p. 136), but 
is also used for the |)reci[)itation of albumosc and pcjitone (Zoit. 
f. anal. Chem., 1889, p. 195, and Allen’s Comm. Organ. Anal., 
Vol. IV., p. 81). The commercial acid often contains a con- 
siderable quantity of ammonium nitrate. 


Phosphoric Acid. 

Acid, phosphoric, puriss. (HJ'O^). Mol. Wt., 97’80. A 
clear, colourless, and odourless licpiid. Sp. gr., 1'2() 

Tests for Impurities. 

Arsenic gins, must give no reaction with Marsh’s test, 
see “ Sodium Carbonate,” p. 279. 

Nitric Aci(l.~~On mixing 2 c.c. of the acid with 2 c.c. of sul- 
phuric acid, and cautiously pouring 1 c.c. of ferrous sulphate 
solution on to the mixture, no colour must appear at the junc- 
ture of the two liquids. 

Note.-— Accordiijg to Alex. Gufiu, the acid sometimes contains 
quantities of nitric acid which remain undetected by the usual fer- 
rous sulphate method, hut intinitesinial traces may readily l)e de- 
tected by brucine, with formation of a red colour. Merck prepares 
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an acid free from nitrogen for special analytical purposes, standing 
both the brucine and diphcnylaminc tests. For the latter test, see 

р. 92. The author applies the brucine test as follows : — 2 gms. of 
brucine are placed in a test tube and moistened with two drops of 
water, after which 2 c.c. pure concentrated sulphuric acid are added ; 
the phosplioric acid is now carefully poure<l over the mixture; after 
standing for a few minutes no red ring must have formed at the 
juncture of the two liquids. 

McUih, Earths, etc . — No reaction must take place on adding 
hydrogen sulphide water. Mlie acid, diluted with several times 
its volume of water, must show no turbidity or gn'cn colour on 
adding excess of ammonia , ammonium sulphide and ammonium 
oxalate. On mixing with \ parts l)y volume of alcohol the 
solution must remain clear. 

Haloid /lc'/V/,s*.— When diluted with hvc' times its volume of 
water the acid must give no reaction with silvcj* nitrate, either 
in hot or cold solution. 

Orijanic Substances and Lower Oxides of Phosphorus.— 6 

с. c. of dilute sulphuric acid and 5 drops of potassium perman- 
gamih' (1 : 1000) are added to 5 c.c. of the sample: on boiling 
the iiiixture for live minutes the real colour must still remain. 

Note.— Salzcr (Pharm. Ztg., 1891, pp. 2G2, 211) found a sample 
wliich strongly reduced permanganate, and calls allention to the 
necessity of first of all proving the purity of the sulphuric acid used 
with reference to its action on permanganate. 

Metaphosphoric Acid.—Tho dilute acid, when added drop by 
drop to a dilute solution of albumen, must produce no turbidity. 

Sulphuric Acid.— When diluted with ten times its volume of 
water, must give no reaction with barium chloride;. 

Ammonia . — On heating 2 c.c. with excess of caustic soda 
solution there must be no smell of ammonia, and the vapour 
evolved must not form white fumes on bc'ing approached with 
a glass rod dipped in dilute hydrochloric acid. 

Note K. Huguet (Chem. Centralblatt, 1894, p. 107) found a quan- 

tity of NalloPO^, in a sample sold for medicinal purposes. In order 
to determine the amount present he precipitated with barium hydrate 
in the hot solution, and, after filtering, removed the excess of barium 
^vith sulphuric acid, and finally weighed the remaining sodium sul- 
phate. The ammonium salt has also been found in the commercial 
acid. The presence of large quantities of salts may be detected by 
nhxing the sample with alcohol, and an addition of two volumes of 
ether will render their presence more easily recognised. 
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Quantitative Estimation. 

The acid may be estimated by standard uranium solution, as 
described in Sutton’s Vol. Anal., p. 284. On the volumetric 
estimation of the acid used for pharmaceutical purposes, see an 
article by C. Gliicksmann, Pharm. Post., 1895, No. 13. The 
qualitative tests and an estimation of the specific gravity will 
generally be sufficient. 


Specific Gravity of Phosphoric Acid Solutions at 15 “, and per- 
centage of H3PO4 and P2O5. 


Sp. gr. 

H 3 PO 4 
per cent. 

PaOs 

per cent. 

Sp. gr. 

H,P 04 
per cent. 

PaO« 
per cent. 

Sp. gr. 

HaPO^ 
per cent. 

PaOs 

per cent. 

1'0054 

1 

0*726 

1*1262 

21 

15*246 

1*2731 

41 

29*766 

1*0109 

2 

1*452 

1*1329 

22 

15*972 

1*2812 

42 

30*492 

1*0164 

3 

2*178 

1*1397 

23 

16*698 

1*2894 

43 

31*218 

1*0220 

4 

2*904 

1*1465 

24 

17*424 

1*2976 

44 

31*944 

1*0276 

5 

3*630 

1*1534 

25 

18*150 

1*3059 

45 

32*670 

1*0333 

6 

4*356 

1*1604 

26 

18*876 

1*3143 

46 

33*496 

1*0390 

7 

5*082 

1*1674 

27 

19*602 

1*3227 

47 

34*222 

1*0449 

8 

5*808 

1*1745 

28 

20*328 

1*8313 

48 

34*948 

1*0508 

9 

6*534 

1*1817 

29 

21*054 

1*3399 

49 

35*674 

1*0567 

10 

7*260 

1*1889 

30 

21*780 

1*3486 

50 

36*400 

1*0627 

11 

7*986 

1*1962 

81 

22*506 

1*3573 

51 

37*126 

1*0688 

12 

8*712 

1*2036 

32 

23*232 

1*3661 

52 

37*852 

1*0749 

13 

9*438 

1*2111 

33 

24*058 

1*3750 

53 

38*578 

1*0811 

14 

10*164 

1*2186 

34 

24*664 

1*3840 

54 

39*304 

1*0874 ! 

15 

10*890 

1*2262 ! 

35 

25*410 

1*3931 

55 

40*030 

1*0937 

16 

11*616 

1*2338 

36 

26*136 

1*4022 

56 

40*756 

1*1001 

17 

12*342 

1*2415 

37 

26*862 

1*4114 

57 

41*482 

1*1065 

18 

13*068 

1*2493 

38 

27*588 

1*4207 

58 

42*208 

1*1130 

19 

13*794 

1*2572 

39 

28*314 

1*4301 

59 

1 42*934 

1*1196 

1 20 

1 

14*520 

1*2651 

40 

29*040 

1*4395 

60 

43*660 


. Uses and Storage. 

Phosphoric acid is used for the estimation of acetic acid in 
acetates by the distillation method. The acid ought to be 
stored in well-stoppenal glass bottles. 


Commercial Varieties. 

The pure commercial acid is sold with a guaranteed specific 
gravity, those recorded in price lists ranging from r08 to 
1‘725. The commercial samples vary greatly as to purity (sec 
notes under “ Tests for Impurities,”). 
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Phosphoric Acid (Meta). 

Acid, phosphor, glaciale (PO3H). Mol. Wt., 79*84. Trans- 
parent, vitreous, hygroscopic lumps or sticks, easily soluble in 
water. 

Tests for Impurities. 

Tests as under “ Phosphoric Acid.” Sodium may be tested 
for after treatment wuth fuming hydrochloric acid ; the pure 
acid ought to give a clear solution, but if a sodium salt is 
present the latter remains imdissolved in the form of chloride 
(Zeit. f. anal. Chem., 1888, p. 24). Commercial metaphos- 
phoric acid generally contains the sodium salt, which is pur- 
posely added to preserve it. 

■ Quantitative Estimation. 

As under “ Phosphoric Anhydride,” the acid being first of 
all converted into orthophosphoric acid by dissolving in water 
and boiling the solution, and then estimated either by the 
molybdate method or by titration with standard uranium solu- 
tion. 


Uses. 

Meta phosphoric acid solution coagulates albumen, and is 
therefore used for its detection in urine. Blum uses for this 
purpose a solution of manganese metaphosphate, for the pre- 
paration of which see J.S.C.I., 1887, p. 387. 

Commercial Varieties. 

Prescott found from 23 to 38 per cent, sodium metaphosphate 
in several samples of glacial phosphoric acid. J. Hodgkin 
(Chem. Trade Jour., 1891, p. 142) gives analyses of various 
samples (see pp. 210 - 211 ). 

Phosphoric Anhydride. 

Acid, phosphoric, anhydric. (P 2 O 5 ). Mol. Wt., 141*72. 
Snow-white, odourless flakes, completely subliming on heating 
fn a test tube, and emitting a hissing sound on dissolving in 
cold water. 

Tests for Impurities. 

The above characteristics show at once whether the sample 
is pure or otherwise ; a yellowish colour indicates the presence of 

0 
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red phosphorus. Moisture causes the formation of metaphos- 
phoric acid, and the sample thereby loses its volatility. 
Arsenious acid may be detected by treating the aqueous solu- 
tion with hydrogen sulphide. 

Quantitative Estimation. 

The anhydride is dissolvo'd in water and boiled to convert it 
into phosphoric acid, and the latter estimated by the molybdic 
acid method. • 

Uses and Storage. 

In organic synthesis it pn'sents a most useful dehydrating 
agent, and it may also be advantageously used in the drying 
of gases (Zeit. f. anal, ('hem., p. 0*28; 1888. p. 1, ei 

<^cq.). According to 8h(‘nstone and Heck (T.C.S., 1893, T.,p. 
475) commercial Po(3r, sometimes contains the lower oxides ; 
Tlu'se prove detrimental to its [)i‘o[)erties as a drying agent. 
These observers sul)lime tlie commercial preparation in a 
current of oxygen for cm-tain purposes (see loc. cit,). 
Bottles containing the substance must have perfectly fitting 
stoppers. 


Commercial Varieties. 

These often fail to show the characteristic fine white appear- 
ance or contain moisture, and in some cases unconverted phos- 
phorus. (See also under ‘‘Uses.”) 


Analyses of Glacial Phosphoric Acid. 


Sample. 

Origin. 

Form. 

Free 

Hl'O,,. 

Combined 

HPO3. 

Equal to 

-PO3. 

Total 

HPO.v 

Total by 
Uranium. 


A. 

Made by ainirionia 
process 

Lumps 

48-00 

43-52 

42-98 

91*52 

91-84 


E. 

English 

„ 

52-80 

40-00 

89-50 

92*80 

98-14 


C. 

„ 

46-08 

89-86 

88-87 

85-44 

85-40 


D. 

German ... 

„ 

81-68 

52-80 

52-14 

84-48 

84-98 


E. 

,, 

Sticks 

86-48 

47*86 

46-77 

88-84 

88-70 


E. 

European, obtained 
from America 

Lumps 

42-21 

87-89 

37*41 

80-10 

80-41 


G. 

Experimental 

„ 

44-16 

46-72 

46*14 

90-88 

90-65 


II. 

„ from 

microcosmic salt 


None 




78-12 
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Picric Acid, 

Acid, picronitric. puriss. cryst. (CeHyNaO^). Mol. Wt., 
228‘57. Thin, pale yellow plates of a brilliant lustre, easily 
soluble in alcohol, other and benzol, soluble in hot, but less 
soluble in cold, water. 

Tests for Impurities. 

The following substances rnustl)e looked for particularly (see 
also Allen’s Comm. Organ. Anal., Vol. III., Pt. L, p. 148) : — 

(1) Resinous Matter.— Oile part of picric acid is dissolved 
in 60 parts of hot water, and sulphuric acid to the extent of 
l-2i)00 part of the picric acid present added, and the solution 
hltered ; resin, if present, remains on the filter. 

(2) Oxalic /Ind. -This is sometimes j)re.sent in small quan- 
titi('S, and originates in the manufacture. It may be detected 
by the microscope, as the colourless j;)risms can be easily dis- 
tinguished from the yellow rhombic plates of [)icric acid. It 
limy also bo estimated by precipitation with lime water, or with 
ammonia and calcium chloride. 

(3) SaUpetre, (Uauhers Sail, and Com won Saif may all be 
estimated in the residue by well-known methods after extract- 
ing the acid with hot alcohol until the washings art', colourless. 

(4) Sugar.— This may be detei-mined after exactly neutrali- 
sing with potassium (•arbonate, carefully evaporating the filtrate 
from the potassium jiica^atc to dryness on the water bath, and 
repeatedly ('xti*acting the residiu^ with strong alcohol. The 
alcoholic llltratc is evaporati'd to dryness, when the residue 
may lie tested for sugar by dh’ommer's method. For the detec- 


Analyses of Glacial Phosphoric Acid— cofaiin/cd. 


Total base. 

Ammonium. 

Sodium. 

Equal to 

Namro.,, 

121 InO. 

Water. 



Silica, 

Arsenic. 

8'05 

8-05 



None 


Ti'iic-cs 

0-54 

Traces 

7’82 

(3-48 

1-;14 

10*44 



— 

0-08 

9-79 

0-07 

9-72 

75-03 

5-00 

— 

Traces 

14-09 

0-05 

14-04 

109-30 

2-40 

— 

— 

i;i-49 

0-06 

i;3-4;3 

104-48 

i 3-25 

— 

— 

10-20 

None 

10-20 

79-30 

10-10 

— 

— 

10-10 

4-87 

5-23 

40-67 

Traces 

_ 

__ 

22-.50 

^ 1 


22-50 






o2 



212 


PICROCARMINE— PLATINUM. 


tion of mono- and dinitrophenol, Allen (Jour. Soc. Dyers, etc., 
4, 84, and Allen’s Comm. Organ. Anal., Vol. III., Ft. I., p. 
149) recommends the following Two stoppered bottles are 
taken, and an equal measure of an approximately 1 per cent, 
solution of bromine added to each ; to one of the bottles is added 
the same measure of a 1 per cent, picric acid solution ; potas- 
sium iodide in excess is now added to both, and the iodine 
liberated estimated with ^thiosulphate solution. The quan- 
tity of bromine taken up represents the amount of above im- 
purities present. 

Uses and Storage. 

The acid is used for the precipitation of alkaloids, 
and presents a ready method for their detection. It is 
poisonous, and when suddenly heated is liable to explode. 
Great care should be exercised in storing it. 

Commercial Varieties. 

Samples containing inorganic impurities are often found. 

Picrocarmine. 

This substance is employed as a stain in microscopical in- 
vestigations, and a solution of picrocarminate of ammonia, pre- 
pared by Fanvier’s method, may be advantageously used for 
such })urposes L. Gedolst considers the sodium salt much to 
be preferred to that of ammonia, and gives a method for its 
preparation (J.S.C.I., 1887, p. 543). For the preparation of 
the ammonia compound, see p. 70. 

Platinum. 

Platina (Ft). Mol. Wt. , 19F3. The solid metal has a silvery- 
white appearance, with a slight grey tint. 

Flatinum black, or platinum in a fine state of division, has 
the colour its name implies. The spongy form may be obtained 
by ignition of ammonium-platino-chloride, and is of a pale grey 
colour. The metal dissolves in aqua regia. 

Tests for Impurities and Quantitative Estimation. 

The metal is dissolved in aqua regia and the solution evapo- 
rated on the water bath. The chloride thus formed is con- 
verted into spongy platinum by strong ignition in a porcelain 
crucible. On extracting the mass with dilute nitric acid, only 
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traces of the residue ought to be dissolved out (see “Platinum 
Chloride”). The ammonium-platino-chloride formed, when 
junmoniurn chloride is used as the precipitant, can also be con- 
verted into the metallic state by ignition. Iridium, when 
present, remains undissolved when the solution in aqua regia 
is diluted with four or five times its volume of water. Accord- 
ing to Mylius and Forster (J.S.C.L, 1892, p. 690) small quan- 
tities of impurities may be detected by the following method : — 
Three separate samples are taken ; the first is tested for palla- 
dium, iridium and ruthenium by the lead method of Deville 
and Stas; a second sample is dissolved in aqua regia, reduced 
by addition of formic acid, and the iron estimated in the fil- 
trate ; and the third is volatilised by means of carbon monoxide 
and chlorine, and the residue tested for rhodium, silver, copper 
and lead. If 10 gms. of the metal are taken for each test, it is 
possible to estimate the following quantities Iridinm, O’OOB ; 
ruthenium, 0’005 ; rhodium, O'OOI ; palladium O'Ol ; iron, 
O’OOl; copper, 0'002; silver, 0*002 ; and lead, 0*002 per cent. 
A description of the method may be found in the article cited. 
An excellent test for the quality of platinum vessels consists 
in adding in succc'ssion the purest and most concentrated hydro- 
chloric, sulphuric and nitric acids, and heating each acid to 
boiling, care being taken to thoroughly cleanse the vessel each 
time ; on evaporating the acids to dry j less no residue must 
remain behind. 

Uses. 

A variety of vessels is manufactured from the metal, and in 
the form of platinum black it finds use as an oxidising agent in 
organic chemistry, and in ultimate organic analysis may be 
used in place of copper oxide. In the preparation of platinum 
bichloride for the estimation of fiotash (sec ]\rerck’s Annual 
Report, 1892, p. 75) and for other analytical purposes onjy the 
purest platinum containing a inaximuin of 0*01 per cent, total 
impurities, should be used. 

Commercial Varieties. 

Nearly all commercial platinum contains iridium, which, 
however, does not interfere with its conversion into manufac- 
tured articles generally. It nearly always contains distinct 
traces of copper, iron, rhodium, palladium and ruthenium. 
Mylius and Forster Hoc. cit.) found the commercially pure 
iiietal to contain 99*26 per cent, platinum, 0*32 iridium, 0*13 
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rhodium, no palladium, 0*04 ruthenium, 0*06 iron, and 0*07 
copper. Several years ago W. C. Heracus (J.S.G.L, 1891, p. 
773) and Mylins and Forster Hoc. cit.) found an easy method 
of preparing a very pure metal in large (piantities, containing 
only O'Ol per cent, of impurities, chiefly iridium; this quality 
has since been placed on the market. An alloy of the metal 
with iridium is often used for the manufacture of platinum 
vessels and wir(', and is also Ix'tter adapted for making the 
sul[)huric acid concentrating plant than the pure metal. As 
gold is even less affecttal by the action of concentrated sulphuric 
acid, the a])paratus is often gilded. 

Platinum Bichloride. 

Platina chlorata. sicc., pur. (l^tf'U l'2FTCl, GH.^O). Mol. 
Wt., oH)‘2()*. Dry, reddish-vadlovv crystalline mass, giving a 
dark but pure yellow solution with water. 

Tests for Impurities. 

Sohihility.—\ gm. dissolved in H) c.c. of absolute alcohol 
must give a clear solution; the acpieous solution must behave 
likewise. When the solution shows a real or dark brown colour 
the presence of jarotochloride or iridium may be inferred. 

Note. — The author has frequently found commercial samples 
which left a considerable greenish-yellow residue on solution in 
alcohol, and evidently contained protochloride. These samples gener- 
ally sliow a dark brownish colour in aqueous solution (1 : 10), and 
ought to be rejected. As mentioned before, the colour may also be 
due to iridium. For the pre|)aration of good platinum chloride 
solution, free from protochloride, see, for example, Zeit. f. angew. 
Chem., 1896, p. HL 

Residue on hfnition . — 2 gins, are thoroughly ignited, and the 
residue of spongy platinum digested with dilute nitric acid (5 
c.c. of acid, sp. gr. 1*2, and 20 c.c. of water) on the W'ater bath 
for a quarter of an hour; after filtering, the solution is eva]) 0 - 
rated and ignited ; only a maximum of from 4 to 5 mgms. of 
residue ought to remain. 

* The true platinum chloride (PtClJ may be obtained by precipi- 
tating a solution of the above with silver nitrate, filtering and 
evaporating the filtrate. For analytical purposes, particularly 
potash estimation, the bichloride is used; it contains about 37*6 per 
cent, metal. A preparation is also sold containing about 40 per 
cent., and obtained by further evaporation of the solution. It may 
be used for analyses, if pure. 
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Note, — According to Hager (Handbuch der pharm. Praxis), traces 
of residue cannot be avoided, as they are derived from the vessels in 
which the platinum has been dissolved. 

Sulphuric Acid . — The solution must give no reaction with 
barium chloride, even after long standing. 

Note. — Hollemann (Analyst, XVII., p. 80) detected this impurity 
in a commercial sample, but the author cannot corroborate the state- 
ment. 

Baryta.— A solution (1 : 20) must show no turbidity, even 
after long standing, on adding a few drops of sulphuric acid. 

Quantitative Estimation. 

The platinum is precipitated with pure potassium chloride 
as the platinochloride, filtered through a filter paper which has 
been dried at ISO"", and, after careful but not long-continued 
washing, the precipitate is dried for about twenty minutes at 
130° and weighed. The method is described by J^recht (J.C.S. , 
1880, A., p. 577 ; see also Huer, 1807, A. II., p. 160). 

A pi^re platinum bichloiide ought to give a theoretical yield 
of the double salt with pure potassium chloride (see Precht, loc. 
cit.) When a metal containing iridium is used for the prepara- 
tion of the chloride the iridium is also dissolved, but, according 
to Precht {loc. cit., p. 512), traces of this impurity do not inter- 
fere with the potash estimation. Larger quantities may be 
detected by the quantitative tests given, and by the solution 
showing a brown colour. 

Uses and Storage. 

The salt is used for the detection and estimation of potash 
and ammonia, and in solution as a group reagent for alkaloids. 
For analytical purposes the chloride must be prepared from 
the purest platinum. Owing to its hygroscopic nature it must 
be kept in well-stoppered bottles. 

Commercial Varieties. 

See above. 


Potassium Acetate. 

Kalium aceticum, puriss. (CHaCOaK)- Mol. Wt.,97 89. 
White, hygroscopic, crystalline powder, easily soluble in water 
and alcohol. 
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Tests for Impurities. 

Alkalinity and Soluhility.—The aqueous solution must be 
clear, and though it should give no reaction with phenol- 
phthalein, it turns red litmus paper blue. 

Earthy, Metals, Sulphates, and Chlorides. —The aqueous 
solution (1 :20) must give no reaction with sodium carbonate, 
ammonium oxalate, barium chloride, or hydrogen sulphide, 
and the latter must neither precipitate nor colour the solution. 
There only ought to be a slight turbidity with silver nitrate, 
after acidifying with nitric acid. 

The flame test must show’ a violet colour. 

Quantitative Estimation. 

See under “ Sodium Acetate,” p. 269. 

Uses and Storage. 

The salt is used for the detection of tartaric acid, and must 
be carefully stored. 


Potassium Bicarbonate. 

Kalium bicarbonicum, puriss. cryst. : bicarbonate of potash. 
(KHCOo). Mol. Wt., 99*88. 

The crystals remain unchanged in contact with the air, and 
dissolve in four times their weight of water. 

Tests for Impurities and Quantitative Estimation. 

See under “Potassium Carbonate” and “Potassium 
Hydrate,” puriss., pp. 225 and 237 respectively. 

Uses. 

On account of its readiness to crystallise the salt may be 
obtained very pure, and is frequently used in place of carbonate. 
Mohr employs it instead of the carbonate in the preparation of 
jjj potassium arsenite (see “ Arsenious Acid,” p. 41). On the 
employment of potassium bicarbonate for making standard 
solutions, sec J.C.S., 1897, A. II., p. 593. 

Commercial Varieties. 

These generally contain chlorides and sulphates. 
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Potassium Bichromate. 

Kalium bichromicum, puriss. : acid chromate of potash. 
(K^CrA). MoL Wt., 294*68. 

Note. — On the atomic weight of chromium, see Meineke, Liebig’s 
Aimalen, 1891, p. 339, et seq. 

Large red crystals, dissolving to a clear solution in water. 

Tests for Impurities. 

The chromium is determined by the method mentioned 
below (see “ Uses ”). 

Sulphuric Acid.—d gms. are dissolved in 100 c.c. of water; 
on addition of hydrochloric acid and barium chloride, no change 
must take place after twelve hours’ standing. 

Note. — It is necessary to add sufficient acid in tlie above test, 
otherwise barium chromate may be precipitated. 

In using bichromate for the oxidation of organic compounds, ure- 
vious to the estimation of their sulphuric acid, it is essential to 
obtain the salt free from SO^. 

Sulpliuric acid is sometimes tested for as follows : — The salt is 
completely reduced witli hydrochloric acid and alcohol, barium 
chloride is then added and the solution allowed to stand for twelve 
hours. Frcseiiius employs this method in testing the mixture of 
potassium and sodium chromates, and sodium carbonate, used for 
sulphur estimations in ultimate analysis. Mohr also reduces the 
chromic acid to avoid the formation of barium chromate, which is 
difficultly soluble in dilute acids (Lehrbuch der Titrirmethode, 6th 
Ed., p. 265). 

According to Post (Chem.-techn. Analyse), an accurate quantita- 
tive determination may be conducted as follows : — The salt is dis- 
solved in water, the sulphate and chromate precipitated with barium 
chloride, and the solution heated with hydrochloric acid and alcohol. 
The barium chromate is reduced, the chromic acid being converted 
into chromium chloride, and the remaining barium sulphate is 
lx)iled several times with hydrochloric acid, and well washed. Post 
considers it inadmissible to reduce the chromic acid before precipi- 
tating with barium chloride, otherwise part of the sulphuric acid 
might escape precipitation through formation of ethyl sulphuric 
acid. 

Another method is to dissolve the bichromate in water and add 
barium chloride; the precipitate must dissolve completely in pure 
hydrochloric acid. 

Chloride . — The dilute hot solution, after acidifying with nitric 
^cid, must give no reaction with silver nitrate. 
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Solubility and Alkaline Earthfi.—^ gms. must dissolve in 30 
c.c. of water to an absolutely clear solution, and this solution 
must show no tnrljidity on addition of ammonia and ammonium 
oxalate, even after long standing. 

Quantitative Estimation. 

See under “ Uses ” and “ Sodium Bichromate.” 

Uses. 

Potassium bic'hromate is used in ultimate analysis for the 
estimation of hydrogen, nitrogen, and sulphur; for the latter 
purpose the salt must contain no sulphuric acid. It is often 
used as a laboratory reagent, particularly as an oxidising agent, 
like chromic acid. 'Phe detection ol; chlorides is sometimes 
effected by means of bichromate and concentrated sulphuric 
a^d, for which purpose the salt must not contain that impurity. 
It is also employed in the preparation of standard solutions 
for the estimation of iron, chromium, uranium, etc. , and is used 
for the estimation of lead, bismuth, etc., by Baiimamrs gaso- 
metric method, and lastly, as an oxidation test for strychnine. 
Meirieke pre[)ares a pure sample by exactly neutralising a known 
quantity of chromic acid (free from 1108 ( 14 ) with the purest 
potassium hydrate, adding again the same quantity of chromic 
adid, rccrystallising six times, and finally fusing in a bath of 
potassium bichromate (Liebig’s Annaleii, 1891, p. 357). He 
determined the purity of this preparation by Zulkowski’s 
method, based on the decomposition of potassium iodide by 
chromic acid. Lor the result of Meineke’s analyses, see loc. 
cit. For the preparation of standard solutions a salt must be 
used which shows a ()ercentagc of chromium in accordance 
with that of the salt investigated by Meineke. The correct 
compositipn of such a salt is found by estimating the chromium 
by Zulkowski’s method (see Liebig’s Annalen, 1891, loc. cit.). 

Commercial Varieties. 

The ordinary commercial kinds often contain considerable 
quantities of sulphuric acid. These contain 98 to 99 per cent, 
of the salt, and are sold with a guaranteed percentage of about 
68 per cent CrOg. 
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Potassium Biniodate. 

Ivalium biiodicuni, piiriss. (KIO3 + HTO3). Mol. Wt., 388*87. 
White crystals, giving a clear solution with 18*66 parts of water 
at 17°. 

Tests for Impurities. 

The salt must contain 100 per cent., and must give a clear 
solution with water. 

Quantitative Estimation. 

According to G. Meineke (Liebig’s Annalen, 1891, p. 363),, 
the acid iodate of potasli may be used in place of iodine for even 
the most accurate estimations. The salt should have the com- 
position KHI^Og, as stated above, and to ascertain if this is the 
case, the acidity is estimated with xa potash, using phenol 
phthalein as indicator, and the percentage of iodic anhydride 
is calculated from the iodine liberated from potassium iodide by 
means of hydrochloric acid, according to the equation, • 
KH I 2 O 0 + ] OKI r llllCl - llKCn -f 6 H 3 O + 121. 

For examples of this method se(' Meineke, loc. cit. 

As a blank test IMeineke estimates the amount of iodine 
liberated from the potassium iodide with the iodate alone, 
which must be exactly l- 12 th part of the total iodine set free 
when hydrochloric acid is used, as in above equation. The 
potash is determined in the iodate by d('Composing with hydfo- 
chloric acid and weighing the potassium chloride thus obtained. 

Commercial Varieties. 

Meineke finds the market article very pure, particularly that 
sold by Messrs. E. Mc^rck, which he finds to give from 100*001 
to 100*010 per cent, on analysis. 

Potassium Bisulphate. 

Kalium bisulphuricum, puriss. : acid sulphate of potash. 

(SO, HK). Mol. Wt., 135*85. 

Colourless crystals, giving a clear solution with water. 

Tests for Impurities, 

Heavy Metals, etc.— The solution ( 1 : 20 ) must be clear and 
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must give no reaction with hydrogen sulphide, or ammonia and 
ammonium sulphide. 

Chlorides.— The solution ( 1 : 30) must show no turbidity 
with silver nitrate. 

Arsenic.— Test in Marsh’s apparatus as under “ Sodium Car- 
bonate,” using 2 gms. of the sample. 

Nitric /4 cid.— The solution (1 : 20 ) must show no reaction on 
applying the indigo test. 

Quantitative Estimation. 

The sulphuric acid is estimated gravi metrically with barium 
chloride in aqueous solution, oi* volumetrically with normal 
alkali. 1 c.c. normal alkali =-0*13585 gm. KHSO 4 . 

When the potassium has to he estimated, barium chloride is 
carefully added to the aqueous solution until only traces of sul- 
phuric acid are left, the filtrate is then evaporated and the 
potassium estimated with platinum bichloride in the usual way. 

^ Uses and Storage. 

It is used as a flux in the analysis of minerals, and must be 
carefully stored. 

Commercial Varieties. 

The raw commercial bisulphate is obtained as a by-product 
from several industries. 

Potassium Bitartrate. 

Cremor tartari, pur. : cream of tartar (C 4 H 5 KO 6 ). Mol. 
Wt., 187'67. White, odourless, crystalline powder, soluble in 
20 parts of boiling, and about 200 parts of cold water. In- 
soluble in alcohol. 

Tests for Impurities. 

Sulphates and Chlorides.— aqueous solution ( 1 : 20 ) 
must give no reaction with barium chloride after adding dilute 
nitric acid and liltering, and only a slight turbidity with silver 
nitrate. 

Metals.— The solution, with addition of dilute ammonia, 
must show neither colour nor precipitate with hydrogen sul- 
phide. 

Lime.—l gm. of the tartrate with 6 c.c. of dilute acetic acid 
are allowed to stand for half an hoiir, and repeatedly shaken 
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during that time ; the solution is then mixed with 25 c.c. of 
water, allowed to settle, and the clear liquid poured off ; on 
adding to this a little oxa^ite of ammonium solution no change 
must appear within one minute’s time. 

Ammonia . — No smell of ammonia must be given off on heat- 
ing with caustic soda. 

Quantitative Estimation. 

Simple methods are given in Sutton’s Vol. Anal., 7th Ed., 
p. 112; see also under “ Potassium Bitartrate.” 

Uses and Storage. 

Pure cream of tartar, complying with the demands of the 
German Pharmacopoeia, is used for the preparation of the 
chemically pure salt (see further on). It must be kept well 
stoppered. 

Commercial Varieties. 

Other varieties, known as Venetian and French tartar exist, 
both containing more or less calcium tartrate. 

For the analysis of commercial cream of tartar, see Allen, 
J.C.S.,1896, A. II., p. 584. 

Potassium Bitartrate (as a standard for 
normal solutions). 

(KC.HsOe). Mol. Wt., 187-67. 

Borntriiger recommends the use of this salt for standardising 
both alkaline and acid solutions. It is prepared from white 
cream of tartar by heating the salt for several hours with 1 part 
of water and O’l part hydrochloric acid (sp. gr., 1*13); the 
solution is then stirred till cold, the precipitate filtered, well 
washed, recrystallised from pure water, and dried at 100'^. 

It may be regarded as pure if it requires as much acid after 
careful ignition as it required alkali before, both quantities 
agreeing with the theoretical. For this test Borntriiger uses 
a normal hydrochloric acid which has been standardised on 
transparent Iceland spar, and standardises his normal alkali 
on this solution. In employing the chemically pure tartrate to 
standardise all normal acids a weighed quantity is charred over 
a low flame, the platinum capsule and contents placed in a 
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covered beaker, extracted with water, and normal acid gradu- 
ally added until, after boiling, there is a ‘slight but distinct acid 
reaction. TRe solution is then titrated back with normal alkali 
till there is no reaction with neutral litmus paper ; 3*7626 gms. 
of potassium bitartrate, or the quantity of potassium carbonate 
obtained from it, should exactly neutralise 20 c.c. normal alkali 
or acid respectively. 

Potassium Bromate. 

Ivalinm bromicum, puriss. : bronuite of potash (KBrOg). 
Mol. Wt., 166-67. ('olourless crystals, difiicultly soluble in 
water. 

Tests for Impurities. 

The quantitiitive estimation deterniiries the purity of the 
salt : it must contain 100 per c(‘.nt. 

Quantitative Estimation. 

The sample is dried, and O’ I gm. dissolved in water with a 
few gms. of potassium iodide and about 15 c.c. hydrochloric 
acid; the iodine liberated is titrated with xu sodium thio- 
sulphate. I c.c. xo thiosulphate =0*002777<S gm. potassium 
bromate. 

Uses. 

The salt is used for tlu' quantitative^ estimation of carbolic 
acid. According to leit and Kubierschky (Chem.-Ztg., 1891, 
p. 351, and J.8.C.I., 1891, p. 186) bromic acid is a jwticularly 
energetic oxidising agent, and can therefore be' used to great 
adpntage in the quantitative estimation of hydrogen sulphide, 
SLilpliuTOUS acid, e)xalie acid, etc. ; for the'se determinations 
potassium bromate is e'm]:)le)ye‘d. (Tor details, see he. cit.) 

Commercial Varieties. 

Samples ceentaining large quantities of potassium bmmide 
have often been met with. 

Potassium Bromide. . 

Kaliurn bromatum, puriss. : bromide of potassium (IvBr). 
Mol, Wt., 1 18*79. Bright, colourless cubes or crystals, uii- 
allected by tlie atmosphere. Easily soluble in water, solution 
in which must be neutral. 
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Tests for Impurities. 

Potassium Bromate and Potassium Carbonate.— On spread- 
ing the ground sample on a white porcelain plate, and adding 
a few drops of dilute sulphuric acid no yellow colour must 
immet]iately appear, and on touching the s:iinple with moist 
red litmus paper a violet-blue colour must not appear at once. 

Note. — With the above reaction it is possible to detect 0‘02 per 
cent, of potassium l)roinate. The equations are as follow: — 

2 KBr 03 + H.^S0^ = K2S0^ + 2 HBrOg 
5IIBr + Br 03 lI-:fH 30 + 3Biv 

In testing for the smallest traces of bromate the salt is dissolved 
in water and a small crystal of potassium iodide added, along, with 
a few drops of starch solution and dilute sulphuric acid ; the appear- 
ance of a blue colour denotes the presence of bromate. 

Siiljihafe of Potash, Metals, and Barinai.—Pho tupicous solu- 
tion (I : 20) must show no n'action with hydrogi'ii sulphide, 
barium nitrate or dilute sulphuric acid. 

Iodides . — 5 c.c. of tlie solution (1 : 20) arc mixed with a few 
drops of ferric chloride solution and :i little chloroform ; the 
hitter iiuist not be coloured violet. 

Note. — On the test for iodides, see also ‘VHydrol)romic Acid, 
l)uriss.” 

Chlorides. — Sec “Quantitative Idstiination,” also “ Hydro- 
broiiiic Acid.’’ 

Sodium.- B'ho salt, when heated on platinum wire, must 
give a violet colour throughout the flame. 

Quantitative Estimation. 

The estimation is done voluiindrically with silvm' nitrate 
(17 gms. per litre), |iarticularly for the pur|)ose of determining 
the potassium chloride which exists in nearly every commercial 
sample. The German Piiarmacopada (111.) gives the follow- 
ing method 10 c.c. of an aqueous solution (3 gms. in 100 
^•e.) of the pxjtassium bromide, previously dried at lOOh must 
not use more than 25'4 c.c. of xir silver nitrate, using potassium 
chromate as indicator. The more chloride there is pi'cseut the 
more silver nitrate will be used, and perfectly ))ure potiissium 
bromide, tested under the above conditions, should use 25'2i 
o silver nitrate, but with 1 per cent, potassiiu]! chloride 
pi’esent, 25'3G c.c., and willi 0 per cent. KCl, 26T1 c.c. arc 
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used. With sodium bromide and ammonium bromide under 
certain conditions the above test is useless (Vulpius, Arch. d. 
Pharm., 1887, p. 404, and J.S.C.I., 1887, p. 567). 

In the case of inorganic salts, bromine is liberated by distil- 
lation with sulphuric acid and manganese dioxide, the bromine 
being passed into excess of a solution of ammonia which has 
been exactly neutralised with nitric acid; the ammonium 
bromide solution thus obtained is titrated with ^ silver nitrate. 


Uses. 


Solutions of bromide and bromate of potassium are employed 
for the quantitative estimation of carbolic acid (Pharm. Germ. 

II.).- 

Commercial Varieties. 


These often contain several per cent, of potassium chloride. 
An instance of commercial bromide containing chlorate is cited 
(Arch. d. Pharm., 1888, p. 388), and sometimes samples arc 
found in a very moist condition. H. Helbing and W. Pass- 
more (J.S.C.I., 1892, p. 705) obtain the following results on 
comparison of six samples of English and American bromide : — 


English 


American 


(a.) Moisture. 

1. 0 95 per cent. 

2. 1-22 
'3. 0-56 

4. 0-36 

5. 0-35 
.6. 1*29 


(b) Chlorides (estimated by titration with silver nitrate). 


English 

( 3 . 


American 


4. 

5. 


16 . 


0T3 per cent. KCl. 


013 

4*96 

5'91 

4'52 

5*92 


>1 

j > 

tf 

)) 


According to these figures the American bromide is of rather 
poor quality. 


Potassium Carbonate, 

Kalium carbonic, puriss. : carbonate of potash ( 1 ( 2 ^ 03 )* 
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Mol. Wt., 137'91. A white powder, giving a clear solution 
with its own weight of water, and containing at le^^st 99*5 per 
cent. IVaCOa. 


Tests for Impurities. 

The tests for alumina, other metals, silicic, sulphuric, nitric 
and phosphoric acids, and chlorine, are conducted as under 
“ Potassium Hydrate,” p. 237. 

Potassium Cyanide is detected by adding a little ferrous sul- 
phate and ferric chloride to the solution ; on the subsequent 
addition of hydrochloric acid in excess no blue colour must 
appear. 

Potassium Sulphide, etc , — 1 part by volume of the solution 
(1 : 20 ) when poured into 20 volumesr?j silver nitrate must give 
a yellowish-white precipitate which does not darken on apply- 
gentle heat (Pharm. Germ. HI.). Regarding this silver 
nitrate test, see Bolling, Arch. d. Pharm., 1888, p. 541. 

When dilute hydrochloric acid is added to the dry salt in a 
test tube, and a piece of filter paper saturated with lead acetate 
held over the mouth of the tube, no brown colour must appear 
on the paper. The detection and estimation of caustic alkali 
in alkaline carbonates may be effected by Dobbin’s method 
(J.S.C.I., 1888, p. 829); see further under “Potassium Hy- 
drate, Puriss., Quantitative Estimation,” p. 239. 

Sodium.— The salt when heated on platinum wire must give 
a pure violet flame without yellow tinge. 

Quantitative Estimation. 

The volumetric estimation of the K 2 CO 3 present is generally 
sufficient, and the method, using standard hydrochloric acid, is 
exhaustively described in works on volumetric analysis (see also 
under “Sodium Carbonate, Quantitative Estimation”). 1 
c.c. normal- acid = 0*068955 gm. K 2 CO 3 , The percentage of 
potassium is estimated as follows : — The carbonate is dissolved 
in water, acidified wdth hydrochloric acid (sulphuric acid, if 
present, being removed by barium chloride, excess of which 
must be avoided) , and the potash estimated with platinic 
chloride. When examining inferior qualities of potassium 
carbonate this estimation is imfwrtant, as a simple titration 
would give too high results. The author found 96 per cent. 
KaCOa on titrating an 80 per cent, sample, as the sample con- 

V 
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tainecl soda. The accurate determination of sodium and potas- 
sium is described under “ Potassium Hydrate/’ p. 239. Sul- 
phates and chlorides are determined in the sample after acidify- 
ing with hydrochloric and nitric acids respectively, and precipi- 
tating with barium chloride and silver nitrate. The quantita- 
tive estimation of nitric acid is performed by the reduction 
method with zinc, iron, and caustic potash (see note on “ Test 
for Nitric Acid,” under ” Potassium Hydrate, puriss.”). 

On the analysis of carbonate of potash, sec Crookes’ Select 
Methods of Chemical Analysis, p. 18, ct seq. 


Uses. 

Potassium carbonate is used chic'fly in analysis os a solvent 
for insoluble sulphates and silicates, and for this purpose a mix- 
ture of the pure earl.)onates of potash and soda is used, the saits 
being of course free from sulphuric and silicic acids. The car- 
bonate is also used for th(' preparation of normal solution of 
potassium arsenite, and the salt in this case must be absolutely 
free from sulphur compounds. Mohr uses potassium bicar- 
bonate on account of the facility of obtaining it in a very pure 
state. 


Commercial Varieties. 

Samples of varying degrees of purity (from 50 to 98 ])cr cent. 
K2CO3) can be obtained, the crude potassium carbonate often 
containing only 50 per cent., and, in addition to moisture, larg('. 
quantities of chloride, sulphate^ sodium carbonate, and other 
salts, such as cyanide and sulphide ; it is generally of a red or 
bluish colour from the presemee of iron and manganese salts. 
The author has found 82 per cent. K^CO^ and 12 jxu’ cent. 
NaaCOa in an 84 per cent, sample. Better samples (about 90 
per cent.) contained about 2 per cent. NaaCOa. The better 
class of purified commercial carbonates contain from 90 to 98 
per cent. K2CO3, and only a few per cent, sulphates, chlorides, 
etc. Potassium carbonate, puriss., is free from sulphates and 
silicates, and contains only infinitesimal traces of chlorides and 
bicarbonate. This latter impurity may occur in larger quan- 
tity, so that the carbonate appears to be mixed in parts with 
large transparent crystals of bicarbonate. 

The following table by A. W. Hofmann, taken from 
Schmidt’s Pharm. Chemie, shows the percentages obtained in 
various samples of commercial carbonate. 
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KaCO-^+KOH 





Description of the Potash. 

Quality. 

calculated 
as K3CO3. 

NaaCO.v 

K28O4. 

KCl. 

Observer. 

American carbonate... 

1 

104-4 

1-4 

4-0 

2-0 

F. Mayer. 

„ „ 

2 

71-2 

8-2 

16-1 

3-6 

Author 

„ pearlash ... 

— 

71-3 

2-3 

14-3 

3-6 

Payen 

Tuscany carbonate ... 

— 

74-1 

3-0 

13-4 

0-9 

Author 

Illyrian „ 

— 

89-3 

— 

1-2 

9-5 

H. Griineberg 

Russian „ 

— 

69-6 

3-0 

14-1 

2-0 

Payen 

Transylvanian,, 

— 

81-2 ; 

6-8 

6-4 

0-6 

II. Griineberg 

Hungarian „ (for 
domestic purposes) 


44-6 

18-1 

30-0 

7-3 

Author 

Galician carbonate ... 

— 

46-9 

3-6 

29-9 

11-1 

Author 

Refined sheep’s fleece 

— 

72-r) 

4-1 

,5-9 

fi-3 

Author 

French beetroot 

1 

90-3 

2-5 

2-8 

3-4 

Author 

M 5) 

2 

80-1 

12-6 

2-0 

3’4 iDenimal 

German potash 

1 

92-2 

2-4 

1-4 

2*9 H. Griineberg 


2 

84-9 

8-2 

2-8 

3‘5 Author 


Potassium Chlorate. 

Kaliuin chloricum, [)uriss. : clilorate of potash (CIO 3 K). Mol. 
Wt., 122’28. Colourless, shining crystals, dissolving in water 
to a clear, neutral solution. 

Tests for impurities. 

Earths and Chlorides.— The solution in water (1 : 20 ) must 
be neutral and must remain unchanged after addition of either 
ammonium oxalate or silver nitrate. 

Metals {Lead).—^ gins, nre dissolved in 30 c.c. of warm 
water ; the solution must be clear, and must not be coloured on 
adding hydrogen sulphide. 

Nitrates . — On heating 1 gm. of the salt with 5 c.c. caustic 
soda solution and 0‘5 gin. zinc filings and iron powder, no smell 
of ammonia must be given off. 

Note. — On other tests for nitrates, see Pharni. Ztg., 1888, p. 20. 

dr^cmc.— Test as given under “ Chloric Acid,” p. 76. For 
this test 20 gms. of the sample are used. 

Sulphates.— The solution ( 1 : 20 ) must not show the sul- 
phuric acid reaction with barium chloride, even after long 
standing. 

Sodium.See under ” Potassium Carbonate,” p. 225. 

Quantitative Estimation, 

An excess of hydrochloric acid is added to the chlorate, and 

p2 
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the whole distilled ; the chlorine passing over is retained in a 
solution of potassium iodide, and liberates an equivalent quan- 
tity of iodine, which is titrated with ^ thiosulphate; 1 c.c. 
thiosulphate solution = 0*0020416 gm. potassium chlorate. As 
an example, if 0*1 gm. of the chlorate were taken, this would 
require 48*9 c.c. xij fbiosulphate if the compound were chemi- 
cally pure (see also under “ Chloric Acid ” ; Topf, Zeit. f. anal. 
Chem., 1887, p. 295; and Sutton’s Vol. Anal., 7th Ed.,p. 166). 

Thorpe and Herbert (J.C.S., 1876, p. 856) describe a method 
for the quantitative estimation of chloric acid in chlorates by 
the copper-zinc couple. 

Uses and Storage. 

As chlorate of potash is a powerful oxidising agent, it is 
useful in many chemical investigations, in forensic chemical 
analysis for the destruction of the organic substance, in ulti- 
mate organic analysis for the estimation of carbon, and for the 
analysis of sulphur compounds. It decomposes on triturating 
with easily oxidisable matter, and many accidents have occurred 
through handling it incautiously. An instance is quoted in 
the Pharm. Ztg., 1892, p. 161, where a pharmaceutical chemist 
had both hands blown off, his eyes totally destroyed, and 
eventually died of his injuries, through grinding chlorate and 
sulphur together. The handling and storing of this product 
must be conducted with the greatest care. 


Commercial Varieties. 

The salt is now generally sold in a very pure condition, but 
the following impurities arc recorded in literature on the sub- 
ject. Hilger states that he once found lead in a commercial 
sample, a fact which has to be taken into account in using the 
chlorate for forensic work. R. Otto calls special attention to 
the iK'cessity of testing the salt for arsenic before using it for 
the purpose just mentioned. This author also found lead (R. 
Otto, Ausmittelung der Giftc, 1884). A commercial sample, 
which , on heating on the water bath, evolved chlorine and con- 
tained tartaric acid, is mentioned (Pharm. Ztg., 1889, p. 246). 
Inferior qualities of the chlorate contain chloride, and Bock- 
mann remarlvs that hypochlorites are sometimes present ; their 
presence explains the smell of chlorinq sometimes emitted from 
gas holders containing oxygen. 
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Potassium Chloride. 

Kiilium chlorat. puriss. ; chloride of potassium (KCl). Mol. 
Wt., 74'40. Colourless crystals, giving a clear, neutral solu- 
tion with water. 

Tests for Impurities. 

Solubility, Sulphuric Acid, Earths, Metals, etc. —These tests 
are conducted as under “ Sodium Chloride.” 

Sodium . — See under ” Potassium Carbonate,” p. 225. 

Quantitative Estimation. 

The chlorine is determined by titration withiu silver nitrate 
in aqueous solution , and the potassium as potassio-bicliloride of 
platinum. On the accurate analysis of the potassium chloride 
used for technical purposes, see works on technical chemical 
analysis {iuter alia, Bockmann, Chcm.-tcchn. Untcrsuclinngs- 
rnoithodeu, 3rd Ed., p. 525, or J. Konig, Untersuchung land- 
wirthsch. und gewcrbl. wichtiger StolTe, Berlin, 1891, p. 193). 

Uses. 

Among other uses it is employed in the estimation of hydro- 
fluosilicic acid. 


Commercial Varieties. 

The salt is also sold for technical and agricultural purposes, 
with guaranteed percentages of the pure salt, such as 70, 80, 90, 
and 99 per cent. KCl. 

The potash factories guarantee the presence of not more than 
half a per cent, sodium chloride with certain kinds. Potassium 
chloride generally contains slight traces of the chlorides of rubi- 
dium and caesium (Chem.-Ztg., 1892, p. 335), and manganese 
and calcium chlorides are also found in varieties for technical 
purposes. 


Potassium Chromate. 

Kalium chromicum, flav. puriss. : neutral chromate of potash. 
(CrOjy. Mol. Wt.,19P35. 

Yellow crystals, dissolving in water to a clear solution, and 
showing only a faint alkaline reaction. 
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Note.- A solution of the pure salt slioivs a siifjhth- alkaline reac- 
tion with litmus ami tiinneric. According to De Vrij (Arch d 
Phann., p. Til’i) neutral |)otassium chromate really shows a 

iwiitnil reaction towards phoiwlphthalein. 

Tests for Impurities, 

The salt must not contiiin any small red crystals of the bichro- 
mate. 

Solu b ility . — See above . 

Free Alkali.- -On dissolvin^^ 01 fj^m. in 25 c.c. of water and 
addiuf]: a few drops of plienoI|)litliah'iii no red colour must 
appear. 

Siilphnric Acid and ChloTides,— Tests as under “ Potassium 
Bichromate,” p. 217. 

AJvmina and Alkaline Earths.— The solution (1 : 20) must 
give no reaction with ammonia, or oxalate of ammonium. 

Quantitative Estimation. 

See under ” Potassium Ihchromate,” p. 218. 

Uses. 

The salt is employed as an indicator in the titration of 
chlorides with silver nitrate solutions, and, further, in the pre- 
paration of several standard solutions (e.g., in the estimation of 
baryta). It is also used in the estimation of quinine (De Vrij, 
J.C.S., 1887, A., p. 401 ; 1889, A., p. 1091). 


Commercial Varieties. 

Some qualities are found containing strong traces of sul- 
phates, and others giving strongly alkaline and cloudy solu- 
tions. 


Potassium Cyanide. 

Kaliurn cyanat. puriss. : cyanide of potassium (KCN). Mol. 
Wt. , Go’Ol. A white powder, easily soluble in water, and con- 
taining about 99 per cent. KCN. 

Tests for Impurities. 

Potassium Sulphide.— The solution should give a pure white 
precipitate with lead acetate. 
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SUicic Acid.—^Ge under “ Potassium Hydrate, piiriss.,’’ p. 
037 This test must be conducted where there is no chance of 
hihaling the fumes, as hydrocyanic acid is given off on evapora- 
ting with hydrochloric acid. 

Carbonic Acid, Chlorides, etc.— Bee note below. 

Sodium.— “ Commercial Varieties.” 

— Pauly applies tlie following tests to potassiuni cyanide, 
which are recorded in tlie Ueal-Eiicyklopiidie der Gesainniten Phar- 
macie. The pure cyanide must dissolve completely in hot alcohol 
with a little water adde<l ; an insoluble residue, efliervescing with 
acids, shows })resence of potassium eaiTonate ; ii, on treating the 
alcoliulic solution with hydrochloric acid, carbonic acid is given off, 
the presence of cyanate may Ite inferred. Tlie aqueous solution, con- 
taining hydrochloric acid in excess, must neither give a blue preci- 
pitate witli ferric chloride (potassium ferrocyaiiide), nor a red pre- 
}»recipitate (tliiocyanate) with the same reagent. Parium chloride 
must not produce a white turbidity (sulphate). In testing for chloride 
a quantity is ignited witli two parts of potassiuni nitrate and ten 
parts potassium carbonate, and after the cyanogen lias been de- 
stroyed the mi v'ture is dissolveil in water acidified with nitric acid 
and silver nitrate added; no precipitate must appeal. 

Quantitative Estimation. 

The quality of the cyanide is b(‘st ascertained by Liebig’s 
well-known metliod with standard silver nitrate. 5 gms. of the 
sample are dissolved in 500 c.c. of water ; 25 c.c. of this solution 
are diluted, a few drops of dilute caustic potash added, and, 
after addition of a little sodium chloride, jo silver nitrate is run 
in until, on stirring, a permanent turbidity appears (see also 
Buttoirs Vol. Anal., 7th Kd., p. 190). As a solution of the 
cyanide in water soon decomposes, the titration must be done 
tit once. 1 c.c. Tu silver nitrate “AJ O 13002 gm. KCN. 


Uses and Storage. 

In the dry state the cyanide acts as a strong reducing agent, 
and analytically finds especial use in the reduction of tin oxide, 
antimonic acid, and arsenic sulphide. It is also of important 
service in blowpipe analysis, and is used quantitatively for 
various separations, as for example, nickel and zinc (Wohler), 
and nickel and cobalt. In volumetric analysis it is used for the 
estimation of copper, and other determinations. Owing to its 
extremely poisonous nature great care must be exercised in 
storing it. 



POTASSIUM FEREICYANIDE. 


Commercial Varieties. 

Cyanide for technical purposes of very varying degrees of 
purity is found in the trade, but some are sold with a guaran- 
teed percentage and containing cyanate (the quality manufac- 
tured by Liebig’s method) ; other kinds contain also sodium 
cyanide (Wagner’s method). E. Kayser (Chem.-Ztg., 1898, p. 
1148, and J.S.C.I., 1893, p. 518) calls attention to the fact that 
the cyanide manufactured at the present time often consists of 
mixtures of the sodium and potassium salts, a fact which must 
be taken into account when testing, as otherwise a sample 
might be passed as KJO per cent, which contained a consider- 
able quantity of sodium cyanide, in many cases amounting lo 
15 per cent. A sample tested by Stillman (J.S.C.I., 1893, 
p. 41) gave 105‘87 per cent. KCN, and consisted of 17 per cent. 
NaCN and 83 per cent. KCN. Commercial cyanide of potash 
containing about 40 per cent, of cyanogen is generally used in 
gold extracting (see Leroy, Chem.-Ztg., 1897, p. 122). 

Potassium Ferricyanide. 

Ferri-kalium cyanatum, puriss. : red prnssiatc of potash. 

(KeFe^CyJ. Mol. Wt., 657*70. 

Ecd crystals, giving a clear solution with water. 

Tests for Impurities. 

Solubility above. 

Sulphuric Acid and Ferrous Salts. —The solution (1 : 30) 
must not show a blue coloration with ferric chloride, and must 
be free from sulphuric acid (see “ Potassium Ferrocyanide,” p. 
234). 

Chlorides and .S'odmm.— Tests as under “Potassium Ferro- 
cyanide.” A quantitative estimation must also be done, and 
must show from 99*6 to 100 per cent. 

Quantitative Estimation. 

W. Gintl (Mohr, Titrirmethode, 6th Ed., p. 237) reduces the 
salt with sodium amalgam, and estimates the ferrocyanide as 
given under that salt (see p. 235). Fe x 11' 769 = potassium fer- 
ricyanide. 

It is better to estimate the oxygen in the salt by a gas volu- 
metric method (Quincke, Zeit. f. anal. Chem., 1892, pp. 1 and 
436; Baumann, Zeit. f. angew. Chem., 1892, p. 113; J.C.S., 
1892, pp. 526, 527, 538), which consists in decomposing an 
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alkaline solution of the salt with hydrogen peroxide, according 
to the equation— 

KeFe.Cy.a + 2KOH + 2K,reCye + 2H,0 + 

The oxygen is then measured. 1 c.c. at 760 m.m. pressure 
and 0“C = 0‘ 029447 gin. potassium ferricy ankle. Baumann (loc, 
cit.) recommends to transfer the ferricyanide dissolved in a 
little water to the outer space of the generating flask of an azoto- 
metcr, and then to add about 5 c.c. caustic potash solution 
(1 : 2). The hydrogen peroxide is then placed in the inner tube 
of the flask ; if up to 50 c.c. of gas are anticipated, 5 c.c. of 2 
per cent. are used ; if from 50 c.c. to 100 c.c. , then 10 c.c. 
are^ added. The flask is then immersed in the cooling vessel, 
the stopper inserted, and when the temperature has become 
constant, the test is proceeded with in the ordinary way. Re- 
liable results can only be obtained if both flask and graduated 
tube are immersed in water of the same tenqieraturc during the 
whole time of the experiment. When the liquids in the flask 
have been well mixed and shaken and the gas measured (at the 
same temperature throughout) the volume must be reduced to 
0*^ and 760 m.m. The volume found multiplied by 29' 147 gives 
the weight of potassium ferricyanide, as 657*721 parts by 
weight of ferricyanide evolve 31*92 parts by weight of oxygen. 
r42908 mgms. of oxygen ( i.e., 1 c.c. at 0° and 760 m.m.) are 
equal to 29.447 mgms. potassium ferricyanide. On decom- 
posing dry recrystallised fiotassinm ferricyanide by this method 
Baumann obtained the following results 1*0015 gms. of the 
salt wnre taken, pressure at O'", 709 m.m. ; temp., 17^^; volume 
of gas liberated, 39*5 c.c.; wdien reduced, 33*99 c.c. -1*0008 
gm. ferricyanide (99*93 per cent.). Such experiments con- 
ducted in Lunge’s nitrometer, or an azotometer, may be recom- 
mended to those who often require to analyse potassium ferri- 
cyanide and similar compounds easily tested by gas volumetric 
methods. In addition to the above-mentioned papers by 
Quincke and Baumann, I may mention a former paper by Bau- 
mann, a criticism of his work by Lunge and Marchlewski, and 
his reply, all of wdiich are published in Zeit. f. angew. Chem., 
1891 (see also J.C.S., 1892, A., p. 538). As Gintl’s titration 
method does not give accurate results, the above process is to 
he recommended. Some manufacturers analyse the salt by 
determining the nitrogen by Kjeldahl’s method, or by esti- 
mating the impurities. The results by Kjeldahl’s method are 
said to be very accurate, and to agree with the refraction 
method (estimation of the impurities). It is therefore advisable 
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for those not accustomed to gas volumetric analysis to use the 
latter methods as a check. 

Uses and Storage. 

Ked prussiate of potash is chiefly used as a test for ferrous 
oxide. Plugge (Arch. d. Pharm., 1887, p. 343, and J.8.C.I., 
1887, p. 840) uses the salt for the separation of alkaloids. 
Quincke employs it in the gas volumetric estimation of hydro- 
gen peroxide, alkalies, alkaline earths, etc. According to 
Luckow and others both the ferri- and ferrocyanide are well 
adfipted for the volumetric estimation and separation of the 
metals (J.P.8., 1892, A., pj). 1129, 1527). The ferricyanide, 
and also the standard solutions of ferri- and ferrocyanide, must 
be kept in brown bottles, as they are much affected by light. 
Luckow even uses brown glass burettes wlien titrating. Potas- 
sium ferricyjuhde is also sensitive to atmospheric influence, and 
must therefore be cva|)orated when recrystallisiiig at from 50' 
to 60"’. For several volumetric methods it is necessary to use a 
ferricyanide which is |)erfectly free from such impurities as the 
sodium salt, sulphates, chlorides, and ferrous salts. 

A ferricyanide test paptu* is also prepared, sec p. 131. A 
method for |)re|)aring a sriecially delicate paper is given in 
Pharm. Ztg., 1895,]). 767. 

Commercial Varieties. 

These often fail to give a perfeclly clear solution in wat(U*, 
and contain, as does also the ferrocyanide, traces of sulphates. 
Commercial samj)les must be tested for chlorides (see “ Potas- 
sium Ferrocyanide ”), as the red prussiate is prepared from the 
yellow by passing chlorine gas into a solution of the latter. The 
author has sometimes found very pure samples containing about 
99 per cent, among the best commercial ferricyanides. 

Potassium Ferrocyanide. 

Ferro-kalium cyanatum, puriss. : yellow prussiate of potash. 
(IvLFeCye, 3HoO). Mol. Wt., 42P76. 

Fine, lemon-yellow crystals, easily soluble in water to a clear 
solution. 

Tests for Impurities. 

Solubility .—^ee above. 

Sulphuric Acid.— The solution (1 : 20) must show no change, 
even after long standing, on addition of a little hydrochloric 
acid and barium chloride. 
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Kote. — According to a communication received from a ferro- 
cyanide factory the siilpliuric acid is more accurately determined 
quantitatively as follows : — The sample is finely ground, and 5 gms. 
of a good average sample are dissolved in water and poured into a 
solution containing 7 to 8 gms. ferric cldoride (free from H 2 SO 4 ), 
and tlie solution acidified with hydrochloric acid and filtered ; a 
measured portion of the filtrate is precipitated with barium chloride 
and treated in the usual manner, with this exception, that the preci- 
pitate is first washed with water, then with caustic soda solution, 
again with water, tlien with very dilute hy<lrocldoric acid, and finally 
with V, water, this being done to remove traces of fcrrocyanide com- 
pounds. 

f 7//or/r/r.9.— lV)tnssiiiin clilorido, wlicn t^’'<‘seiit, may he do 
te(d('d by dt'composing 0‘5 gm. of the salt with 1 gm. of pure 
nitre in a porcelain crucible, extracting with water and acidify- 
ing with nitric acid ; on adding silver nitrate no turbidity must 
appear. According to C. Luckow (Cheni.-Ztg., 1892, p. lOf, 
and J.C.S., 1892, A., pp. 1129, 1527), the presence of chlorine 
can !)(' detected with silver nitrate after j)reeipitation of the 
ferrocyanide with the nitrate of a metal. 

Sodium is detected as follows :-~To the solution of 1 gm. of 
the ferrocyanide, acidified with a litth' hydrochloric acid, ferric 
chloride is added in excess. A part of the filtrate is taken, and 
the excess of ferric salt removed by ammonia, ; the filtrate is 
then tested for sodium by the well-known method with potas- 
sium rnetantimoniate. A quantitative estimation may also be 
made, and must show 99T) to 100 per cent. 

Quantitative Estimation. 

The estimation is based on the reaction which takes place on 
adding [)otassiuin permanganate to a dilute solution of the salt, 
acidified with hydrochloric acid. Pe Haen and Presenius (Fre- 
senius, Quant. Anal., Vol. L, p. 378) first standardise the per- 
manganate on a solution of chemically pure ferrocyanide, con- 
taining 10 gms. of the salt per litre. Of this solution 10 c.c. 
are placed in a porcelain basin, diluted with 250 c.c. of water 
containing some hydrochloric acid, and the permanganate added 
RRtil the characteristic red colour appears ; if the sample uses 
^0 c.c. permanganate solution, this is equal to 01 gm. potas- 
sium ferrocyanide , or 1 c.c. == 0‘002 gm. To find the percentage 
cf a commercial sample 10 gms. are dissolved in water, made up 

1 litre, and titrated as above. The permanganate may also 
be standardised on ferrous iron, according to Mohr ; in this case 
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Fe X 7 ‘546 = potassium ferrocyanide. On the commerciai 
analysis of the yellow pnissiate, sec Bockmann, Chem.-techn. 
Untersuchungen, 3rd Ed., Vol. L, p. 510, et seq. Another 
reliable method is as follows A weighed quantity of the salt 
is evaporated down with dilute sulphuric acid in a platinum 
capsule, the excess of acid removed by heating, and the residue 
carefully ignited ; acid is again added, the solution reduced with 
zinc and a few drops of copper sulphate solution, and titi’atcd 
with permanganate. The moisture can be determined at the 
same time by drying the powdered salt at 110 ^ till constant in 
weight, and subtracting the theoretical percentage of water of 
crystallisation from the total loss. 

Uses and Storage. 

The salt is chiefly used as a reagent for the precipitation of 
copper, iron, and other metals ; also for the estimation of strych- 
nine (J.C.B., 1890, A., p. 131.8; 1897, A., p. 852). It must be 
kept in brown glass bottles. For the preparation of a semi- 
normal solution of potassium ferrocyanide for volumetric de- 
termination of zinc., sec Zeit. f. angew, Chem., 1896, pp. 461, 
567. 

Commercial Varieties. 

Large crystals of ferrocyanide of potassium sometimes con- 
tain a considerable amount of sulphuric acid ; Otto found as 
much as 14 per cent. H 0 SO 4 in a sample having a good appear- 
ance superficially. L. Blum (J.G. 8 ., 1891, A., p. 1293) states 
that commercial samples often contain a large quantity of 
sodium. The author has often found the better commercial 
salts to be very pure (about 99 per cent.), containing only a few 
tenths of a per cent, sulphates and chlorides. 

Potassium Hydrate, 

Kalium hydricum : caustic potash (KOH). Mol. Wt., 55‘99. 
The three following varieties are used in analytical labora- 
tories 

(1) The purest preparation— namely, “ Potassium Hydrate, 
puriss.,” also called “ Potassium hydrate, prepared from potas- 
sium sulphate and barium hydrate.” 

(2) Potassium hydrate, pure, also designated as “pure by 
alcohol.” 

(3) Ordinary pure potassium hydrate. 

To avoid error and confusion, I have recorded in detail the 
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tests to be applied to each separate preparation ; the three quali- 
ties also vary in price. 

I. Potassium Hydrate, Puriss. 

White, crystalline lumps. 

Tests for Impurities. 

Soluhility, Alumina. — 5 gms. when dissolved in 10 c.c. of 
water must give a clear, colourless solution. On adding excess 
of acetic acid to this solution, rendering alkaline with slight 
excess of ammonia, diluting to 100 c.c. , heating in a beaker for 
half an hour on the water bath (the smell of ammonia being 
then only faint ; one or two drops more being added if the smell 
is entirely gone), and allowing the solution to stand for several 
hours at the ordinary temperature, no precipitate, flocculcnt or 
otherwise, must appear. 

Calcium, Heavy Metals . — The slightly alkaline solution from 
the above test must show no reaction with ammonium oxalate 
or ammonium sulphide. 

Silicic Acid.— On evaporating 5 gms. in dilute hydrochloric 
acid to dryness, and drying the residue for half an hour at 100^, 
a clear solution must result on dissolving this residue in 250 c.c. 
of water, containing a little hydrochloric acid. • 

Sulphuric Acid.—Z gms. are dissolved in about 50 c.c. of 
water, slight excess of hydrochloric acid added, the solution 
heated and barium chloride added ; no reaction must take place 
after several hours’ standing. 

Chlorides.— A^ter acidifying the solution (1 : 20) with nitric 
acid only a slight opalescence must be observable on addition 
of silver nitrate. 

Nitric Acid.—(n) 2 gms. are dissolved in 10 c.c. of water, and 
the solution acidified with dilute sulphuric acid ; on adding one 
drop of ordinary indigo solution (see p. 134) previously diluted 
with double its volume of water, and about 10 c.c. of strong 
sulphuric acid, the blue colour must not be discharged, even 
after standing for some time. 

(b) 50 gms. of the hydrate are dissolved in 200 c.c. of water ; 
then 5 gms. of a mixture of arsenic-free zinc powder and iron 
^reduced by hydrogen) are added ; the mixture is transferred 
to a flask of 500 c.c. capacity, provided with a receiver contain- 
ing about 10 c.c. dilute sulphuric acid (1 : 100) ; the apparatus 
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is allowed to stand for a few hours, a small flame is then 
a})plied and the distillation so regulated that about 15 c.c. distil 
over in three-quarters of an hour. The distillate is now' made 
alkaline with a little of the purest caustic potash, and 2 c.c. of 
Nessler’s reagent added; only a slight and distinctly yellow 
opalescence must appear, and not a heavy, brownish -red pi'e- 
cipitate forming a thick layer and causing the solution to appear 
turbid. 

Note. — The author first gives a method representing a guarantee 
of the salt’s freedom from nitric acid (the indigo method), and adds, 
as a check, a simple and accurate test in the form of the well-known 
reduction method with zinc and iron. This test when performed as 
described above is so accurate that 1 mgm., or even less, can be 
detected in 25 gms. of caustic potash or soda. In proof of this the 
author prepared various samples of 50 gms. each of pure potash and 
soda, to which he added 2 mgms. of nitric acid, and a})plied the test, 
the reliability of which wasatonce])rovedby the appearance of heavy 
brownish-red precipitates, turning the liquids turbid and (]iiite 
opaque. Allowance must be made for a slight yellowish colour or 
opalescence, as this change is often observed where no alkali is pre- 
sent, but when water alone is boiled witli zinc and iron. It is there- 
fore advisable to perform a Idank test in any event, as Nessler’s re- 
agent is very delicate. The author uses iron and zinc powders which 
have been reduced by hydrogen, and specially prepared for the pur- 
pose, ^as he has often found commercial zinc dust to give a brown 
colour with Nessler’s reagent, on shaking with water. 

Caustic alkalies containing several per cent, of nitrates and 
nitrites are often sold. In making a quantitative estimation the 
reduction method is used, alcohol being substituted for water in tlic 
distillation : standard sulphuric acid is placed in the receiver, and 
after distillation the acid is titrated with standard barium hydrate. 
The author used this method in making a large number of quantita- 
tive nitric acid estimations at the Agricultural Testing Station of 
Munster (see J. Konig and C. Krauch, Landwirtsch, JahrbUcher, 
1882, p. 159, and J. Konig, Chem. d. Nahrungsniittel, A^ol. II., 1883, 
p. 669). 

Carhonic Acid,' Potassium and Other Salts.— -The saiiipk 
must give a clear, colourless solution on heating with 90 per 
cent, alcohol (5 gms. potash and 25 gms. alcohol, sp. gr. 0’83), 
and on filtering and washing the filter with the above solution 
there must not remain behind a residue of more than 0*02 gni. 
The test for CO 2 described under “ Potassium Hydrate , pure by 
Alcohol,” may be used as a check on above methods 

Phosphoric Act'd.— 5 gms. are dissolved in 50 c.c. of water, 
a large excess of nitric acid, and nitric acid solution of am- 
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rnonium molybdate arc added ; after two liours’ standing at a 
gentle heat no precipitate must apjiear. 

Sodium and Sodium Sulphide . “Potassium Car- 
bonate/’ p. 225, also with reference to “ Sodium/’ see below. 


Quantitative Estimation. 

The caustic alkalies are titrated with normal acid, using 
litmus as indicator. 1 c.c. equals 0*05599 gm. KOII. Where 
thei’e is a mixture of caustic alkali and carbonate present, as is 
ofttm the case with many sodium and potassium car])onates, 
and less pure caustic potash, these must Ix'. determined sepa- 
rately by first ascertaining the total alkalinity iind then esti- 
mating the caustic alkali by precipitating the carbonate with 
barium chloride solution (forming barium caii)onate and potas- 
sium chloride), and, after filtration, titrating the hydrate with 
normal acid. The percentage of carbonate is found by dif- 
terence. The method is described in detail in works on volu- 
metric analysis (see Sutton, Vol. Anal., 7th Ed., p. 5G) ; direct 
estimation of alkaline hydrate in presence of carbonate, using 
[)h('iiolphthalein as indicator, is also described in the same 
work. (See also Lunge, J.E.C.] . , 1897, p. 2G2). Jn estimating 
the ])ercentage of sodium hydrate in potassium hydrate, a 
weighed quantity of the sample is acidified with hydrochloric 
acid and then dried ; the mixed chlorides are weighed, dissolved 
in a little water, and the potassium estimated witli platinum 
bichloride in the usual way. (jn subtracting the weight of 
KCl thus found from ihc weight of the total chlorides, the 
(lilference gi\es the amount of NaCl present. This method 
gives accurate results. (Sec also “Potassium Carbonate,” 
p. 225.) 

Uses, Storage and Normal Solution. 

Caustic potash is extensively used in chemical analysis as a 
precipitating and separating agent, as, for example, in the pre- 
cipitation of copper oxide and the separation of iron and 
alumina ; also as a solvent for minerals, and in the preparation 
cf standard caustic solutions. It is also used in thr^ determina- 
tion of nitric acid by the reduction method (sec p. 237), and for 
the estimation of sulphur in organic and inorganic substances. 
In conjunction with charcoal both the alkaline hydrates are 
clfective solvents for ores and insoluble silicates (/eit. f. anal. 
Cbem., 1891, p. 226). 

It is often used in organic synthesis, in ultimate organic 
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analysis, and gas analysis for the absorption of carbon dioxide. 
The three qualities of caustic potash find use in analysis accord- 
ing *to the purpose for which they are required, and all must 
be kept in well-stoppered bottles. 

Normal Caustic Potash Solution.— This solution must contain 
55*99 gms. KOH per litre, and is similarly prepared to 
normal caustic soda iq.v.). It is standardised on either normal 
hydrochloric or sulphuric acid, or on potassium tetroxalate 
iq-v.). 


Note.— Normal Alkali Solutions.— One litre of a normal alkaline 
solution must contain the hydrogen equivalent in grams 
of a mono-acid base, or in the case of a bivalent substance 
one-half the molecular weight, and must exactly neutralise one 
molecule of monobasic acid or one-half molecule of a dibasic 
acid. Using the old and frequently used atomic weights* the 
following gives the number of grams per litre : 

Potassium hydrate . . . 

Sodium hydrate 
Ammonium hydrate 
Hydrochloric acid ... 

Nitric acid 

Sulphuric acid 
Acetic acid (C 3 H 4 O 2 ) 

Oxalic acid, anhydrous (C 2 H 2 O 4 ) 

Oxalic acid, crystallised (C 2 H 2 O 4 , 2 H 2 O) . 

Tartaric acid (C 4 H 6 O 6 ) 

Phosphoric acid (H 3 p 04 ) ... 

Citric acid, anhydrous (CgHgOT) 

Citric acid, crystallised (CgllsOT, H 3 O) 

These last three acids are tribasic, one-third of the molecule 
being taken ; the normal acid solutions are standardised on the 
same principle as the normal alkaline. 


Per 

litre. 

56 

gms. 

40 

gms. 

35 

gms. 

36* 

5 gms. 

63 

gms. 

49 

gms. 

60 

gms. 

45 

gms. 

63 

gras. 

75 

gms. 

32* 

67 gms, 

64 

gms. 

70 

gms. 


Commercial Varieties. 

Gerlach (Chem. Industrie, 1886, p. 245) found a percentage 
of 74*4 in pure commercial crystallised potassium hydrate 
having the composition, KOH + HgO. It is -well known that 
perfectly anhydrous potassium hydroxide (KOH) cannot be pre- 
pared ; the fused potassium hydrate (free from water), and even 

* The calculations of molecular weights in this book are based on 
the recent treatise on atomic weights by Meyer (Theoretische Chem. 
Leipzig, 1890). 
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caustic potash, containing more than 10 per cent, of water, 
have considerable action on the silver vessels in which it is 
necessary to prepare them , and become of a greyish appearance 
owing to the presence of this metal. Pure potassium hydrate 
for analytical purposes is, on this account, always prepared con- 
taining 20 per cent, of water. It is incorrectly stated in some 
books that anhydrous potassium hydroxide (KOH) has a per- 
fectly white appearance; W. Dittmar (Chcm-.Ztg., 1891, p. 
1581) also remarks on the inaccuracy of this statement. Ke- 
garding the impurities of commercial preparations, the author 
has found large quantities of alumina, sulphuric acid, nitric 
acid, and baryta present in samples marked “ Pure potassium 
hydrate, prepared from potassium sulphate and barium 
hydrate.” It is, of course, impossible to use such impure pre- 
parations for analytical purposes, particularly in the -separation 
of iron and alumina, and it is most important, when purchasing 
the best and more expensive potashes, to be on guard against 
such impure qualities. Messinger (J.C.B., 1889, A., p. 318) 
states that commercial potassium hydrate nearly always con- 
tains nitrites. This observer employs a normal alkali solution 
(56 gms. per litre) in his acetone method, and tests this solution 
as follows :--To 20 c.c. of the potash solution are added OT to 
0’2 gm. potassium iodide, and after acidifying with hydro- 
chloric acid the iodine liberated is titrated with thiosulphate 
and starch solution. On the presence of boracic acid, see 
” Sodium Hydrate.” 

2 . Potassium Hydrate, pure by Alcohol. 

(KOH + aq.) 

White crystalline lumps, or short sticks. 

Tests for Impurities. 

Soluhility, Alumina, Lime, etc.— 10 gms. must give a clear, 
colourless solution with 40 c.c. of water. The solution is diluted 
to about 100 c.c., acidified with acetic acid, and slight excess of 
ammonia added; only a slight turbidity should appear alter 
five minutes’ standing, but no flocculent precipitate ; on further 
adding ammonium oxalate and ammonium sulphide, the solu- 
tion must not become turbid. It is only after long standing 
that a slight precipitation of alumina takes place. 

Citric and Sulphuric Acids.— Sec. ” Potassium Hydrate, 
puriss.,” p. 237. 

Chlorides .—Test as under ” puriss.” The solution (1 : 20) 
iHust also show only a fahit opalescence with silver nitrate. 
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Silicic Acid. —On evaporating 5 gms. in dilute hydrochloric 
acid to dryness, and drying the residue at lOO'^, only a slight 
turbidity should result on dissolving in 150 c.c. of water. 

Carbonic Acid.— 2 gms. are dissolved in 10 c.c. of water ; on 
pouring this solution into a mixture of 8 c.c. hydrochloric acid 
(1 : 12) with 8 c.c. of water no effervescence must occur. 

Uses and Quantitative Estimation. 

See “ Potassium Hydrate, puriss.,” p. 239. 

Commercial Varieties. 

The commercial potash of this class varies to a large degree 
regarding purity, and has often a grey colour. It contains 
alumina (which may be expected in lower grade samples), 
chlorides, and particularly nitrates. 

3. Ordinary Pure Caustic Potash. 

(KOH + aq.) 

Short, white, crystalline sticks or lumps. 

The solution in water must be clear and colourless. 

Tests for Impurities. 

Nitric Acid . — 2 gms. are dissolved in 10 c.c. of water, acidi- 
fied with sulphuric acid, and 1 drop of indigo solution in twice 
its volume of water added (“ Solutio Tndici,” p. 134) ; on now 
adding 10 c.c. concentrated sulphuric acid the colour must not 
be discharged within a few minutes. 

Carbonic Acid.—^^ce above, under “ Potassium Hydrate, 
pure by Alcohol.” 

Uses and Quantitative Estimation. 

See ” Potassium Hydrate, puriss.” 

Commercial Varieties. 

This quality, contrary to the other pure hydrates, contains 
about 1 per cent, of chlorides ; also silica and alumina. On dis- 
solving 5 gms. in 100 c.c. of water, acidifying with hydrochloric 
acid and adding excess of ammonia, a flocculent precipitate of 
alumina appears at once (see ” Test for Alumina,” in Potas- 
sium Hydrate, pure by Alcohol ”). The percentage of hydrate 
varies from 75 to 85 per cent. 

Dunstan (Pharm. Jour., 3rd Series, Vol. XVL, p. 778; see 
also J.C.S., 1886, T., p. 646, on the formation of hyponitrites) 
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found 0’34, 0'47, 0’56, 0*74, and 1 per cent, nitrous acid in an 
ordinary fused 'caustic potash employed as a reagent ; it also 
contained nitrates and about 4*5 per cent, chlorides, etc. Such 
preparations must be rejected. Owing to the use of saltpetre to 
obtain a pure white preparation samples are found containing 
even large quantities of nitrates, and chlorates may also be de- 
tected. Good ordinary caustic potash contains but little soda 
(about 0*5 per cent. NasCO.O ; two commercial samples showed 
0*47 and 1*9 per cent. K 2 SO 4 . 

Ordinary potash is sold on })erccntage of alkalinity. The fol- 
lowing may be given as examples of analyses from a chemical 
factory : — 

( 1 ) About 100 per cent, alkalinity - - 77—80 per cent. KOH. 

( 2 ) About 115-T20 - 86-88 per cent. KOH. 


Average Analyses. 



(1) 

Alkalinity about 
100 per cent. 

(2) 

Alkalinity about 
115-li20 per cent. 

• 

Per cent. 

Per cent. 

Potassium hydrate 

78-12 

86-67 

Potassium carbonate 

8*70 

8-34 

Sodium carbonate 

0-85 

0-49 

Potassium sulphate 

0-44 

2-82 

Potassium chloride 

1-08 

1-08 

Insoluble 

0-02 

0-02 

Water 

16-29 

0-58 


100-00 

100-00 

Total Alkalinity 

100-37 

115-74 


Caustic Potash Solution. 

Liquor kali caustici pur. : pure potash solution (KOH + Aq). 
Clear, colourless solution. Sp. gr., 1*30. Containing about 33 
per cent. KOH. 

Test as under “Potassium Hydrate, pure by Alcohol,” p. 
241. 

Por sp. gr. of various strengths of solution, sec table, p. 244. 

Potassium lodate. 

Kaliura iodicum, puriss. : neutral iodate of potash. 

(KIO3). Mol. Wt., 213*45. 

White crystals. 

Tests for Impurities. 

The salt must contain 100 per cent. KIO3, give a clear solu- 
tion with water, and show no acid reaction— i.c., no liberation 
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Specific Gravity of Caustic Potasli Solution at 15° (Lunge). 
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of iodine must take place on addition of potassinm iodide. About 
0*5 gm. of the iodate is dissolved in about 20 c.c. of freshly 
boiled water and a small crystal of potassium iodide added, with 
a few drops freshly-prepared starch solution ; the solution must 
not turn blue at once. 

Note.— On standing for a short time, a blue colour always appears 
owing to atmospheric influence. Sec note under ‘'Potassium 
Iodide.” 

Quantitative Estimation. 

The iodic anhydride is calculated from the iodine liberated 
on addition of hydrocldoric acid and potassium iodide, as under 
“ Potassium Biniodate,” p. 219. 

Uses. 

This salt has been recommernh'd for standardising the stan- 
dard sodium thiosulphate solutions, in place of iodine (Groger, 
Y('arbook of Pharmacy, 1891, p. 110). On the preparation of 
potassium iodate and starch paper as a recognised test for free 
sulphuric acid, sec Pharm. Ztg., 1896, p. 533. 

Commercial Varieties. 

These are often impure, and contain the iodide. 


Potassium Iodide. 

Kalium iodatum, puriss. : iodide of potassium (KI). Mol. 
Wt., 165’57. White, crystalline cubes, easily soluble in water 
or alcohol, and noii-hygroscopic. 

Note. — When kept for a long time the salt undergoes change, 
assuming a yellowish colour, the perfectly neutral iodide showing 
the colour sooner than that which contains free alkali. 

Biltz (Notizen zur Pharm, Germ., p. 178) concludes that this is 
caused by oxidation. (See also Pharm. Ztg., 1897, pp. 7,. 77). 


Tests for Impurities. 

Potassium Carbonate . — When the salt is powdered 
and placed on moist red litmus paper the appearance of a violet- 
blue colour must not take place immediately. 

Note. — Biltz (Joe. cit.) states that iodide containing more than 0 1 
per cent. K^COg shows this* reaction at once. 
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Metals, Sulphuric Acid, Potassium Cyanide.—Tho aqueous 
solution (1 : 20) must show no reaction with either hydrogen 
sulphide or barium chloride ; nor must a blue colour appear on 
adding a trace of ferrous sulphate, 1. drop of ferric chloride, then 
heating with caustic soda solution, and finally acidifying with 
hydrochloric acid. 

lodates.—A freshly-prepai’ed sohition in cold boiled distilled 
water must not be coloured immediatc'ly on addition of starch 
solution and dilute sulphuric acid. 

Note. — J. Millie (Pliarm. Central., 27, p. 55, et fieq.) insists on the 
use of perfectly pure sulphuric acid, well-boiled water, and neutral 
starch solution in conducting this lest ; according to this observer, 
distilled water containing carbonic acid and air decomposes the 
iodide with liberation of iodine. Regarding this reaction, H. Beck- 
hurts (J.C.S., 1886, A., pp. 786, 8.64) states that the appearance of a 
blue colour must on no account l)c taken as showing the presence of 
iodate, as tlie colour may be caused by cliloratc and bromate, these 
compounds being formed from iodine chloride or liromide in presence 
of alkali in excess. Iodine chloride and iodine bromide arc often 
present in the iodine used in the manufacture of iodide. The salt 
used in the preparation of standard iodine solutions must not con- 
tain iodic acid. As this is very important, the following method 
may be recommended as a check On adding pure potassium iodide 
to dilute sulphuric acid the salt dissolves quickly and without pro- 
ducing any colour, but if iodate is present the solution becomes 
coloured through liberation of iodine. Fresenius adopts this method 
in his work on quantitative analysis in testing the iodide. Biliz 
(Notizen zur Pharm. Germ., p. 182) insists that the solution (1 : 20) 
should not give the slightest yellow colour with dilute sulphuric acid. 

Nitric Acid . — 1 gm. of the sample heated with 5 c.c. of caus- 
tic soda solution and 0’5 gm. zinc filings and iron powdm’ must 
emit no smell of ammonia. 

Note.--A s the tests pre.scribed by the Second German Pharmaco- 
poeia have repeatedly led to errors, the above test is taken from the 
Third Pharmacopada (see articles by L. Scliolvien, Rep. d. Cheni.- 
Ztg., 1887, p. 256, and C. Schwarz, Rep. d. Chom.-Ztg., 1888, p. 282). 
Schwarz recommends a further te.st for nitrates, but Scholvien states 
that commercial samples rarely contain nitric acid. 

Chlorides and Bromides . — Silver nitrate is added to a solu- 
tion of the salt until no further precipitate forms ; ammonia is 
then added in excess, the mixture is shaken and filtered, and 
the filtrate acidified with nitric acid ; the formation of a white, 
cheese-like precipitate indicates the presence of the above 
impurities. 
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Note. — On the testing of iodides for chlorides and bromides, see 
also “Hydriodic Acid,” and “Iodine,” and on the separation of 
iodide from chloride and bromide, see below. 

Quantitative Estimation. 

In estimating iodine and separating chlorine and bromine, it 
is advisable to use the distillation method with ferric chloride, 
iodides being decomposed with liberation of iodine by ferric 
chloride, or U ferric compound and hydrochloric acid, the 
chlorides and bromides remaining unchanged. The iodine is 
retained by a solution of potassium iodide, and then titrated 
withi^ sodium thiosulphate (see “ Iodine ”). The method is 
described in detail in works on volumetric analysis. Topf 
(J.C.S., 1887, A., p. 997) describes a new and good form of 
apparatus for the distillation. The iodine in the iodide can also 
be estimated gravimetrically with palladium dichloride (see 
“ Iodine ”). 

Note. — The solution of the neutral ])otassiuin iodide of commerce 
has a natural tendency to decompose more quickly, and become 
coloured sooner than the slightly alkaline salt. A trace of alkali 
(0*01 per cent.) may, therefore, be added to the solution, thus pre- 
venting the decomposing effect of carbonic acid in solution. 

Uses and Storage. 

The salt is used ns a solvent for iodine in the preparation of 
standard iodine solutions, and fiirthei* as an absorbent for 
chlorine ; for sucli purposes it must be free from iodnte in par- 
ticular, and also practically free from carbonate. It must be 
kept in a dark, dry place in glass-stoppered bottles with wcll- 
littiug stoppers. 

Commercial Varieties. 

These sometimes contain iodate and traces of carbonate and 
chloride. According to Biltz’s exjuu-ieiice, the best commer- 
cial samples rarely contain more than a quarter ])er cent, of 
KCl. Daudt (Pharm. Ztg., 1888, p. 117) has detected sulphites 
in the commercial iodide, and the hydrogen evolved on treating 
this sample with zinc and hydrochloric acid, coloured lead paper 
tin intense Wack. Very pure iodide of good appearance can 
now be had from various sources. M. 1\ Carles (Joiirn. de 
Pharm. et de Chimic, No. 10, Nov. 15th, 1891) gives analyses 
nf eight commercial samples (see also C. Krauch, Essais de 
pnretedes reactifs chimiques, edition fran 9 aise par J. Delaite, 
1892). . 
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Potassio- iodide of Cadmium and Potassio. 
mercuric-iodide. 

Potassio- iodide of Bismuth and Potassio-iodide 
of Zinc. 

(Alkaloid Reagents). 

These double iodides cause the precipitation of the alkaloids, 
and are therefore used for their detection ; their method of pre- 
paration is given in the appendix. They are sold both in the 
crystalline form and in solution, and are tested after the same 
method as the simple salt (e.r/., cadmium iodide) and must give 
the well-known precipitation above mentioned. 


Potassium Manganate. 

Kalium manganic. : manganate of potash (KoMnOj). Mol. 
Wt., 196*70. The preparation, which is strongly alkaline, is 
obtained i)y fusing [uire permanganate of potash with pure 
caustic potash, but is seldom used in analysis (Jolles, J.S.C.T., 
1889, p. 819). 


Potassium Nitrate. 

Potassium nitricum puriss. : nitrate of potash (KNO3). Mol. 
Wt., 100*92. Colourless crystals, or crystalline powder, dry 
and non-hygroscopic, easily soluble in water. 

Tests for Impurities. 

Solubility, Lime, Heavy Metals, etc.— 3 gms. in 50 c.c. of 
water must give a clear neutral solution, and no change should 
take place on adding ammonia, oxalate of ammonium and am- 
monium sulphide. The aqueous solution, acidified with a little 
hydrochloric acid, should show no change on addition of hydro- 
gen sulphide. 

Chlorides and Chlorates.— The solution (1 : 20) must show no 
reaction with silver nitrate. On slightly igniting 1 gm., dissolv- 
ing in water (1 : 20), and adding a few drops of nitric acid, the 
addition of silver nitrate must again show no reaction. 

Note. — Perchlorate: Haussermann (Chem.-Ztg., 1894, p. 1206; 
and J.S.C.I., 1894, p. 947) calls attention to the presence of per- 
chlorate. On heating a nitrate containing this impurity with excess 
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of sulphuric acid, and distilling, a normal distillate containing but 
little chlorine was at first obtained, but, towards the end of the dis- 
tillation, the presence of an acid, giving a copious precipitate of the 
chloride with silver nitrate, was detected. 

Panaotovi6 (Chem.-Ztg., 1894, p. 1567; J.S.C.L, 1895, p. 157) 
found that out of 180 barrels of saltpetre, obtained two years pre- 
viously from a well-known firm, 122 contained more than 0’25 per 
cent, perchlorate, a few even containing over 1 per cent'. Ruer 
(D.R.'P., 81, 102) recommends cryKtallising tlie raw saltpetre from 
water, and then evaporating the solution of the salt to dryness and 
fusing in order to destroy the perchlorate. On the estimation of 
perchlorate in saltpetre see also Winteler (J.S.C.L, 1897, p. 358) who 
found 0*27 per cent, in a pure sample. 

Sodium , — Test asunder “ Potassium Carbonate,” p. 225. 

Sulphates . — A solution of 3 gins, in GO c.c. of water must 
show no reaction with barium chloride, even after standing for 
several hours in a warm place. 

Quantitative Estimation. 

The salt is sold in such a pure condition that a (piantitative 
estimation is generally superfluous. When necessary, it may 
be made according to rresenins, Quant. Anal., Vol. I., p. 390. 

In valuing commercial saltpetre, an estimation of the per- 
centage of sodium chloride present constitut(\s nearly all the 
testing required. Manufacturers generally guarantee a maxi- 
mum of so many parts NaCl present (c.f/., 1 |)art in 10,000, or 
0‘01 per cent. NaCl) ; this may be checked by titrating 10 gms. 
with silver nitrate. 


Uses. 

Potassium and sodium nitrates are used as oxidising agents, 
as in the estimation of chlorine and sulphur in organic sub- 
stances ; in this case the nitrates must be free from these 
elements. In forensic chemical analysis, saltpetre, and parti- 
cularly sodium nitrate (described later on) , are used for destroy- 
ing organic substances in the hydrogen sulphide precipitate 
and various other organic residues, and also for the oxidation 
of metallic sulphides. The salts must therefore be absolutely 
free from poisonous metals. Saltpetre, or nitre as it is some- 
times called, is used in inorganic analysis for the conversion of 
tbe sulphides of tin, antimony, and arsenic into their acids and 
oxides, and for the detection of chromium and manganese. 
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Commercial Varieties. 

A commercial saltpetre, containing traces of sodium chloride, 
but otherwise practically pure, can be obtained (see under 
“ Quantitative Estimation ”). 

Potassium Nitrite. 

Kaliiim nitros. piiriss. : nitrite of potash (KNOJ. Mob 
Wt., 84'96. Short pencils, white, or very slightly yellow, 
extremely hygroscopic, and containing about 90 per cent, of the 
salt. 

Tests for Impurities. 

Heavy Addition of ammonium sulphide must pro- 

duce no precipitate in the aqueous solution (1 : 20). 

Note. — Tests may be made for free alkali, potassium carlwnatc, 
chlorides, sulphates and nitrates, traces of which are always present, 
but the quantitative estimation of tlie nitrite generally renders the 
qualitative tests superfluous. 


Quantitative Estimation. 

In practice this is gcuicrally conducted as follows, according 
to Eeldhaiis :-~A permanganate solution standardised on silver 
nitrite or iron is added from a burette to a very dilute acidified 
solution of the nitrite until the ()ink colour remains permanent ; 
the percentage is then calculated from the amount of perman- 
ganate used. Ijinige considers this method inaccurate, and 
that it is much bett(M‘ to reverse the process by adding the 
nitrite solution from a burette to a known quantity of acidified 
permanganate until the pink colour just disappears (Zeit. f. 
angew. Chern., 1891, p. 629). 'Uhis method may be advan- 
tageously employed. Eor the estimation of either potassium or 
sodium nitrite the procedure is as follows A semi-normal 
permanganate solution containing 15*82 gins, of the purest 
potassium permanganate per litre is first prepared— 1 c.c.= 
0*0289 gm. iron, 0*0315 grn. crystallised oxalic acid, and 0*01725 
gm. NaNOo. The oxidation of nitrite to nitrate takes place 
according to the following equation : — 

2KMn04 + 5NaN03 + H^O = 5NaN03 + 2MnO + 2KOH. 

For the estimation, 10 gms. of the nitrite are dissolved in a 
litre of water, and this solution added from a burette in a thin 
stream to 20 c.c. ^ permanganate, which has been diluted with 
130 c.c. of water previously heated ”to 40'^ and acidified with 
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sulphuric acid until the permanganate is decolourised on stand- 
ing for a short time*. 

Note.— It may be remarked that Lunge has found the so-called 
sulphanilie acid method, and also the aniline method, to give un- 
reliable results. A. G. Green and F. Evershed (Chem. News, 1892, 
65, p. 109) on the contrary find the latter to give good results accord- 
ing to their experience. This method is based on the formation of 
a diazo compound when titrating with a normal solution of aniline 
hydrochloride, using starch and zinc iodide as indicator. Lunge, in 
reply to thetarticle by these authors, again insists on tlie superiority 
of the permanganate method. 

Uses and Storage. 

The salt is used in the estimation of cobalt, and for the libera- 
tion of iodine from its compounds; also for the estimation of 
amido acids, for which purpose it is sometimes necessary to 
remove the traces of carbonate nearly always present in the 
commercial salt. In order to (dfect this V. Ercussler recom- 
mends adding calcium nitrate to the concentrated solution of 
the nitrite so long as a precipitate forms. The lattei* is then 
rendered crystalline by applying slight heat, and the solution 
filt('red off. The solution thus obtained contains potassium 
nitrate, which, however, does not interfevre with the (il)ove esti- 
mation. The nitrite has also been recommended by Carnpain 
for tlie determination of urea. 

Owing to its hygros(;opic nature, the salt must be carefully 
stored in well-closed vessels. 

Commercial Varieties. 

The author is not aware that it is possible to obtfiin samples 
in the trade containing 100 per cent. , as the j)reparation of such 
an article would be very difficult. Samples containing 80 to 90 
per cent, are, however, more easily obtainable, and the purest 
form of nitrite may be expected to contain the latter percentage. 
Some manufacturers sell as a specially pure nitrite a quality 
which barely contains 70 per cent., and the author desires to 
call special attention to this fact, as he believes that the matter 
has not yet been commented upon in any literature on the 
subject. 


* When silver nitrite is tested by Lunge’s method, the salt must 
be dissolved in a certain volume of the purest concentrated sulphuric 
acid, taking care that no o.xides of nitrogen are allowed to escape, 
and the nitro-sulphiiric acid thus formed run into the permanganate 
solution, as above. ♦ 
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Potassium Oxalate, Neutral. 

Kaliiim oxalic, neiitralc, Piiriss. (C 204 K 2 ,H 20 ). Mol. Wt., 
183*80. Easily soluble crystals, which efOorescc on heating, 
and show a neutral reaction. 

Tests for Impurities and Quantitative Estimation. 

See under “ Ammonium Oxalate,” p. 33. 

The estimation by titration with permanganate is de- 
scribed in Eresenius, Quant. Anal., Vol. I., p. 324. t 

Uses. 

Among other applications, the salt is used for the testing of 
quinine (Allen’s Comm. Organ. Anal., Vol. III., Pt. II., p. 
417). 

Commercial Varieties. 

These are sometimes found containing strong traces of 
chlorides, sulphates and lead. 

Potassium Perchlorate. 

Kalium perchloricum : perchlorate of potash (KCl(i) 4 ). Mol. 
Wt., 138*24. Colourless crystalline powder, soluble in about 
50 parts of water. 

Tests for Impurities. 

As under ” Potassium Chlorate,” p. 227. 

Quantitative Estimation. 

Hydrochloric acid does not decompose the perchlorate, and 
the estimation of perchloric acid in its salts is not, as a general 
rule, made directly, the amount present being usually calculated 
from the estimation of the base. Another method is to calculate 
from the chloride remaining after ignition of the salt, a method 
only applicable, however, when the perchlorate is free from 
chlorides. These methods arc not accurate, and Krcider recom* 
‘mends a new and reliable process, based on the fact that the 
oxygen evolved during ignition may be retained by a mixture of 
nitric oxide and concentrated hydriodic acid, and the iodine 
thus liberated titrated with^ arsenious acid. Por details on 
this method, see Kreider, J.S.C.I,, 1896, p. 473. 

Uses. 

The salt is formed by carefully igniting the chlorate till the 
mass, at first rather inclined to liquefy, has become pasty and 
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viscous ; it is then purified with water. It sometimes replaces 
the chlorate in ultimate organic analysis. 

Commercial Varieties. 

These often contain the chloride. 

Potassium Permanganate. 

Kaliurri permanganicum, pur. : permanganate of potash 
(KMnOJ. Mol. Wt.,157'67. 

Dry crystals of a deep purple colour and metallic lustre, com- 
pletely soluble in water, and neutral in dilute solution. 

Tests for Impurities. 

Sulphates ami Chlorides.— On heating to boiling 0'5 gm. of 
the salt with 2 c.c. of alcohol and 25 c.c. of water, a colourless 
filtrate must be obtained which, after acidifying with nitric 
acid, must show only a slight o|)alescence with barium nitrate 
and silver nitrate (Pharm. (Jerm. ITT.) respectiv(‘ly. 

Nitrates.— On slowly adding oxalic acid to a solution of 0'5 
gm. in 5 c.c. of hot water until the pink colour has disappeared, 
and filtering, 2 c.c. of the clear filtrate with 2 c.c. of sulphuric 
acid must not show a coloured ring on slowly pouring in I c.c. 
of ferrous sulphate solution (Pharm. Germ. III.). 

The salt must contain 99 to TOO per cent. IvMnCO^ 

Quantitative Estimation. 

For the estimation 2 gms. are di.ssolved in absolutely pure 
distilled water, and the solution made up to 1 litre. A solution 
of 39*2 gms. pure ferrous-ammonium sulphate in 1,000 c.c. of 
water is next prepared ; TO c.c. are them drawn off, and a little 
sulphuric acid added ; the permanganate solution is now added’ 
from a burette until the pink colour remains. In 10 c.c. of the 
solution of iron salt there is present 0‘05G gm. Fe, equivalent 
to 0*03T6 gm. IvMn 04 (Fe x 0*5013= lvMn 04 ) ; therefore the 
amount of permanganate added ought to contain 0*0310 gm. 
IvMn 04 . The percentage of pure salt in the sample may easily 
be found by dividing the factor 0*0310 by the amount of per- 
manganate present in the number of c.c. used. 

In place of the double tron salt, oxalic acid may be used, I 
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gm. of potassium permanganate being equivalent to 1*993 gms. 
oxalic acid, deduced from the equation 

5 (C.H 2 O 4 ,2H,0) + 3H,S04 + 2KMn04 = lOCO^ + 2MnS04 
+ K 2 S 04 + 18H,0. 

1 c.c. I oxalic acid (31*425 gms. crystallised acid per litre) is 
equal to 0*015767 gm. KMn 04 (sec under “ Oxalic Acid ” ; also 
Frcsenius, (Juaiit. Anal., Vol. I., p. 217, ct seq,). 

Note.— The salt may be accurately estimated by the nitrometer,^ 
method which is also useful for standardising the permanganate solu- 
tion. In presence of hydrogen peroxide, decomposition takes place 
according to the equation :• — 

5 H 2 O 2 + 2KMn04 + lOO -f 8H ,0 -f 2lln^O^ -f K^SO^. 

The volume of oxygen liberated is measured, and the percentage of 
permanganate calculated. Lunge’s experience goes to prove the 
accuracy of this method (see J.S.C.I., 1890, p. 21). Those not suffi- 
ciently familiar with gas volumetric analysis may with advantage 
adopt the foregoing methods with iron and oxalic acid. A detailed 
description of the nitrometer may be found in Lunge’s Manufacture 
of Sulphuric Acid and Alkali, Vol. L, p. 182, et seq,, and in nearly 
all works on commercial analysis. 


Uses and Storage. 

On account of its importance as an oxidising agent' the salt is 
much used in analytical work. For the quantitative estimation 
of sulphur it must be free from 11 ^ 804 ; this special preparation, 
described in the following article, should be used in making 
standard solutions, as it contains 100 per cent. KMn 04 . 

The salt is chiefly used in the preparation of standard solu- 
tions. Fresenius (Quant. Anal., Vol. L, p. 215) uses a solu- 
tion of 5 gms. per litr(‘, which ho subsequently standardises. 
The decinormal solution, so frequently used, is made by dis- 
solving 3*16 gms. to 1 litre, and is so standardised that each 
c.c. equals 0*0056 gm. Fe. The solution is standardised on 
pure iron wire, iron double salt, oxalic acid, or its salts, and 
the methods are exhaustively treated of in Sutton, Vol. Anal., 
7th Edit., p. 121, etseq . ; also under “Potassium Tetroxalate,” 
p. 259. Sutton also describes the nitrometer method. 

Kegarding the keeping qualities of the solution, Poleck 
(Chem.-Ztg., 1892, p. 908) remarks that solutions of one to 
three parts per 1 ,000 remain unchanged for about a year if pro- 
tected from dust and kept in the dark. Griitzner (Arch. d. 
Pharm., Vol. CCXXXL, p. 320) records an instance of a 0*3 
per cent, solution remaining perfedtly unaltered after keeping 
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in a stoppered bottle for one year and a half, whereas a solution 
of 1 in 1 ,000 had lost 2 ’61 per cent. 

Permanganate of potash, both in the solid state and in solu- 
tion, must be well protected from light, dust, and organic 
matter. 


Commercial Varieties. 

Two qualities— one in large, the other in small, crystals— 
may he obtained , and both of such i)urity that they easily con- 
form to the specification of the Pharm. Germ. III. The pre- 
paration, free from sulphuric acid, is sold for special analytical 
purposes. A crude potassium permanganate of inferior quality 
and consisting chiefly of rnanganate can also be obtained. 

Potassium Permanganate, free from 
Sulphuric Acid. 

Large, deep purple crystals, containing about 100 per cent. 

KMn 04 . 

Tests for Impurities. 

Sulphuric Acid.— On heating 3 gms. jn 150 c.c. of water, and 
15 c.c. of alcohol, until the solution is completely reduced, the 
colourless filtrate, after acidifying with a few drops of acetic 
acid and adding barium chloride, must show no reaction, even 
after several hours. 

Chlorides and Nitrates.— As given on p. 253. 

Quantitative Estimation. 

See p. 253. 

Potassium Pyroantimoniate (Acid). 

Kalium stibicum, pur. (K 3 ll 2 Sb 207 , GHoO). Mol. Wt., 
538'74. White, granular, crystalline powder, difficulty soluble 
in cold water (1 : 250), soluble in hot water (1 : 90). 

Tests for Impurities. 

Nitric Acid, etc— The solution (1 : 250) must be neutral to 
litmus paper, and, on mixing with an equal volume of sulphuric 
acid and carefully adding ferrous sulphate solution, a brown 
nng must not appear at the juncture of the liquids. The solu- 
tion, freshly prepared, must give a crystalline precipitate with 
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sodium chloride, but none with potassium or ammonium 
chloride. 

Quantitative Estimation. 

The salt is dissolved in hydrochloric acid, tartaric acid added, 
and the antimony precipitated from the dilute solution with 
hydrogen sulphide (see Fresenius, Quant. Anal., Vol. I., p. 
272). The filtrate from the antimony sulphide is evaporated to 
dryness, ignited, neutralised with hydrochloric acid, and th^j 
potash estimated with platinum bichloride. 

Uses. 

The salt in solution is used for the detection of sodium salts, 
but the test must be very carefully conducted, as the solution 
under examination must only show a neutral or slightly alkaline 
reaction; also, the solution must not be too dilute, and must 
not contain bases otlun* than potash or soda. The solution of 
the salt must only be made shortly before use, and is prepared 
by boiling with water and filtering off from the iindissolved 
salt. 

Commercial Varieties. 

These generally contain a large (piantity of saltpetre. 

Potassium Sulphate. 

Kalium sulphuricum, puriss. : sulphate of potash (K 2 SO 4 ). 
Mol. Wt., 17e3’88. Firm, white crystals, giving a clear solu- 
tion with water. 

Tests for Impurities. 

Chlorides, Metals, etc.— The aqueous solution (1 : 20) must 
be clear and neutral, and must give no reaction with hydrogen 
sulphide water, ammonium oxalate and potassium carbonate, 
or silver nitrate. 

Sodium.— \Yhm heated on platinum wire, no yellow flame 
must be apparent. 

Quantitative Estimation. 

As under “ Potassium Bi sulphate.” 

Uses. 

The salt is sometimes used to precipitate barium from its 
compounds. ^ 
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Commercial Varieties. 

Preparations for technical purposes, often containing sodium 
sulphate, potassium chloride, arsenic, and free acid, are also 
obtainable. On the testing of commercial samples, see Bock- 
mann, Chem.-techn. Untersuch, 3rd Ed., p. 502. 

Potassium Sulphydrate. 

Kalium sulphydrat. cryst. puriss. ((KSIDa, H 2 O). Mol. Wt., 
lOrOS. Crystalline mass, hygroscopic and colourless, or only 
faintly coloured, readily soluble in water, also soluble in alco- 
hol. The solution dissolves sulphur with evolution of hydrogen 
sulphide. 

Tests for Impurities. 

Appearance,— As above. 

Poly sulphides. —Acids should give a copious evolution of 
HoS without liberating sulphur; no objection must be taken, 
however, to a slight opalescence on adding acid, nor to a 
slightly coloured solution of the salt alone. 


Storag:e* 

Polysu^)hides are soon formed by oxidation from the air, 
the salt becoming yellow (see also “ Ammonium Sulphide,” p. 
36), and, on adding acid, sulphur is at once ])recipitated. Dur- 
ing storage slight decomposition cannot be avoided, even under 
the most favourable conditions. 


Potassium Sulphydrate Solution. 

Potassium sulphydrat. puriss. solut. 

A colourless liquid ; tests and storage as above. 

Potassium Sulphide. 

Kalium sulphurat. pur. e Kali carb. pur. 

Pure liver of sulphur is prepared by heating carefully 1 part 
of pure sulphur with 2 parts of pure potassium carbonate, the 
resulting mixture consisting chiefly of potassium tersulphide 
^^nd potassium thiosulphate. As the salt is used in the Kjel- 
dahl process the potassium carbonate used must be free from 
nitrogen. The compound is sold in the form of leather brown 
lumps or grains, giving a clear solution with water ; on adding 

R 
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acetic acid in excess a copious evolution of hydrogen sulphide 
ensues. 


Potassium Monosulphide Solution. 

Kalium monosulphurat. puriss. solut. : solution of monosul- 
phide of potassium (K^S). Mol. Wt., 110’26. 

A quantity of pure nitrogen-free caustic potash solution is 
first prepared ; this solution is then divided into two equal por- 
tions; hydrogen sulphide is passed through one portion till 
saturated, when it is then inix(‘d with the other to form the 
above solution. The preparation is similar to that described 
under “ Ammonium Sulphide,” p. 36; it must be colourless, 
and give a copious solution of hydrogen sulphide with acids 
without precipitation of sulphur, and must dissolve sulphur 
without liberating the above gas, in contradistinction to the 
bydrosiilphide. The liquid, like ammonium sulphide, readily 
assumes a yellow colour on keeping through access of air, and 
when this has occurred the addition of acid precipitates sul- 
phur. The same precautions must be adopted in storage. 

Potassium Sulphocyanide. 

Kalium rhodonatiim, puriss. cryst. (CNSK). Mol. Wt., 
96'99. White crystals, giving a clear solution with water or 
warm absolute alcohol (1 : 10). 

Tests for Impurities. 

Soluhility above. 

Sulphates.— The aqueous solution (1 : 20) must show no re- 
action with barium chloride within five minutes. 

7ron.— The solution (1 : 20) must show absolutely no colour 
on addition of a little hydrochloric acid (1T9 sp. gr.) diluted 
with 10 c.c. of water. 

Other Heavy Metuk?. —The solution (1:20) must neither 
show a precipitate nor a brown coloration with ammonium 
sulphide. 

Ammonia.— The aqueous solution, on being w'armed with 
excess of caustic potash, should evolve no alkaline vapour. 

Quantitative Estimation, Uses, etc. 

Sec under ” Ammonium Sulphocyanide.” 

The bottles containing the salt must be well stoppered. 
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Sulphocyanide Paper is used for the detection of hydro- 
chloric acid in the contents of the stomach, and may be pre- 
pared by addin^^ iron acetate solution to a 10 per cent, solution 
of the sul{)hocyanide, and dipping filter paper into the mixture 
(see p. 131). 

Commercial Varieties. 

Several qualities are found on the market. In oven the 
purest commercial samples the author has det('cted tr:ices of 
iron and lead, but for analytical fuirposes the salt must l)e per- 
fectly free from such impurities, and have a fine, white appear- 
ance. 


Potassium Tetroxalate. 

Kalium tctraoxalicum, puriss. + 211^0). 

Mol. Wt., 253’51. Small white crystals giving a clear solution 
with wat('i\ 

Tests for Impurities. 

Sulphuric Acid and Metals . — As under “ Ammoniun) Oxa- 
late,” p. 33. The composition of the salt may be found volu- 
metrically by titration with normal potash, and with- potas- 
sium permanganate as a clu'ck. The salt must contain 100 per 
cent. Tile crystals must be so carefully dried that on shaking 
lip in a dry glass, no particles adhere to the sides. 

Quantitative Estimation. 

The solution is titrated with normal alkali, iis above men- 
tioned ; 1 c.c. normal caustic potash ('qua Is 0‘0(r285 gm. crystal- 
lised oxalic acid, or 0’()8I5 gm. jiotassium tetroxalate, using 
litmus as indicator. To check this method the solution may be 
titrated with permanganate according to the following equa- 
tion : — 

1 0(H KC.O4 + H,C A , 2H A + 8KMn04 + i7ILSO, - lOCO^ 

+ SMnSO^ + 9K0SO4 + 52 H^O. 

2''535‘1 parts by weight of potassium tetroxalate arc equal to 
kiGVSG parts by weight of potassium permanganate, or 1 part 
permanganate equals 2’009 parts tetroxalate. The perman- 
ganate is standardised on carefully dried oxalic acid (q.v.) or am- 
monium oxalate. The tetroxalate multiplied by 0*0917 is equal 
lo oxalic acid, or for 1 gm. tetroxalate 0'9917 gm. oxalic acid 
must be found if the salt contains 100 per cent. The method 
of titration is described under ” Oxalic Acid ” (see also Fre- 
«onius, Quant. Anal., Vol. 1., p. 321). 

r2 
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Uses and Storage. 

Ulbricht (Pharm. Central., 20, 198-99) recommends the salt 
as a good permanent standard in volumetric analysis for stan- 
dardising permanganate solutions, as well as a general stan- 
dard in alkalimetry and acidimetry. Krant previously recom- 
mended the salt for that purpose (Zeit. f. anal. Chem., 26, pp. 
350, 029). It has recently been observed that the preparation 
of the pure salt presents difficulties, owing, as it has been said, 
to the presence of water contained in the crystals causing the 
salt to effloresce, and it must therefore be both carefully pre- 
pared and dried at not too high a temperature, and must be 
kept in the dark in well -stoppered bottles. 

Commercial Varieties. 

Parsons (Chem. Centralblatt, 1892, 2, p. 890) mentions that 
he has found some very impun' tetroxalate in commerce. 


Pyrogallic Acid. 

Acid pyrogallic, bisublimat. : pyrogallol (CgHeO;,). Mol. 
Wt., 125-70. Light, white crystalline flakes, or lustrous 
needles. 

Tests for Impurities. 

SoJvhiJitlf.—^ solution in 2 parts of water must be clear, col- 
ourless and neutral ; the solution in ether or alcohol nmst also 
be clear. 

Besidue.—On carefully heating 1 gm. the acid must sublime 
without leaving any residue. 

Quantitative Estimation. 

The tests given above, along with the melting point (131L, 
will be srifficit'ut. (V)nc(‘rning the melting point of the acid, 
see Pharm. Ztg., 1897, p. 779. An aqueous solution quickly 
turns brown on adding caustic soda solution. 

Uses and Storage. 

An alkaline solution of the acid absorbs oxygen with avidity, 
and is used in gas ajialysis. Winkler prepares the following 
solution for this purpose : 50 gms. of pyrogallic acid are dis- 
solved in a litre of caustic potash solution of 1*20 sp. gr. 1 
c.c. absorbs 13 c.c. of oxygen. It is of no advantage to use a 
strong solution of, say, 1*5 sp. gr. ^ On the colour reactions of 
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the acid with beetroot sugar, resorcin, orcein, a.-naphthol, etc., 
see J.S.C.I., 1887, p. io5, and on similar reactions of pyro- 
gallic acid, pbloroglucin , resorcin, iiulol, etc., with liipiched 
cell structures, see Eep. d. Chem.-Ztg., 1886, p. 268. It is 
also used as a delicate test for propeptone (see J.C.B. , 1887, 
p. 1127), and its employment for the estimation of nitric and 
nitrous acids is described in Analyst X., [). *21 ‘2. 

Air must be carefully excluded during storage. In time the 
aqueous solution turns brown in contact with the atmosphere 
and shows an acid reaction. Some samples, after ex[)osure to 
light and air, even in the solid state, fail to give a neutral, 
colourless solution (Arch. d. Pharm., 1887, p. 97). Detailed 
notes regarding its solubility arc also given in this reference. 

Commercial Varieties. 

The acid now sold has a beautiful appearance, and is in good 
condition generally. 

Pyrrol. 

(C 4 H 5 N). Mol. Wt., 66*89. 

A colourless base, boiling at Ids'". 

Ihl (J.S.C.l., 1891, p. 165) considers an alcoholic solution 
of this substance to excel in delicacy all known tests for lignin, 
not even excepting pbloroglucin. In hydrochloric acid solution 
pyrrol shows a red colour in presence of any of the aldehydes, 
after warming slightly. 


Resorcin. 

Ilesorcinum puriss. (C 6 H 4 ( 0 H) 2 ). Mol. Wt., 1()9‘74. 

Colourless crystals, of faint peculiar odour, easily soluble in 
water, alcohol and ether. M.p., 10(C to 118''. 

Note. — When the melting point is low, the suljstance has not been 
properly purified. 

Tests for Impurities. 

Residue. —A few grams of the substance must volatilise com- 
pletely on heating. 

Empyreumatic Substances, Acids and Phenol— The aqueous 
solution must bo colourless, neutral to litmus paper, and must 
Rot smell of phenol on heating. 

The pure compound ought to be practicahy odourless. 
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Note. — According to Schoop (Cliein. Ind., 1887, p, 487) tlie or- 
dinary impurities present in commercial resorcin are water, other 
isomers and liomologues such as pyrocatechin, liydroquinone, phloro- 
glucin, etc., resinous matter, and phenol Pyrocatechin may be pre- 
cipitated with lead acetate. On heating with ferric chloritle, the 
presence of hydroquinone may be detected througli the solution 
smelling of quinone. Pinewood is coloured red in presence of phloro- 
glucin, and Schoop tests for phenol by shaking tlie ethereal solution 
with a few drops of concentrated caustic soda solution, whereby the 
phenol is dissolved, and may be detected by the smell on acidifying 
the solution. 

Melting Point.— Hoc above. When absolutely anhydrous tlie 
compound melts at IIB^'C. ; that of the Gei-man Pharmacopceia 
(ITT.) showing a melting point of from 110''— 111'^. 

Quantitative Estimation. 

The appearance, along with the tests given above, are gener- 
ally sufficient evidence of the degree of purity, but where a 
quantitative estimation isrecpiireda solution of known strength 
is mixed with standard bromine solution and the excess of 
bromine estimated with sodium sulphite and potassium iodide 
in the usual way (IX'gener, Journ. f. prakt. Chem., pp. 220, 
322). The estimation may also be made with normal potas- 
sium iodide (see Schoop, Joe. cit.) 

Uses and Storage. 

The compound is of great service in many analytical invi'S- 
tigations, and the following may be quoted as being among 
the most important: — 

(1) As a test for chloral and chloroform (Leon Crismer, 
Pharm. Ztg., 1888, p. (15 1). 

(2) P'or the detection of chloroform in ethyl bromide (Schnl- 
vien, P^harm. Ztg., 1891, p. 299, and J.S.C.T., 1891, p. 799). 

(3) As a test for hydrochloric acid in the gastric juice (Phanu. 
Ztg., 1891, p. 393). 

(4) Fertile detection of lignihed tissue (Ihl, Warnecke, Rep. 
d. Chem. -Ztg., 1888, p. 2(18; Warnecke, J.8.C.T., 1888, p- 
870). 

(5) ¥oy the recognition of certain ethereal oils (Ihl, J.S.C.I., 
1889, p. 421). 

(0) For th(‘ detection of beet sugar and other carbohydrates 
(Ihl, J.S.C.I., 1887, p. 455). 

(7) As a test for nitrates and nitrites (Liebermann, 1874, 
Ber. d. d. chem. Ges. ; Gutzkow, Pharm. Ztg., 1889, p* 
560). , ^ . 
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(8) In the colour reactions of some phenols with regard to 
their use for qualitative analysis. 

(9) As a test for nitrates, according to Lindo, J.C.S., 1889, 
A., p. 75. 

A solution of 1 gm. resorcin in 100 c.c. of water and 10 drops 
of sulphuric acid presents a delicate test for nitrous acid, having 
the advantage over Griess’s meta-phenylene-diamine test of re- 
maining stable in contact with the atmosphere (Jour. Pharm. 
(Jiim., G Ser,, 11. , 289). The compound must be protected 
from the light. 

Commercial Varieties. 

White crystallised puriss. , white resublimed, and the ordinary 
pure resorcin may all be obtained in a state of great purity. 
Commercial resorcin, a slightly coloured, dry, crystalline mass, 
may also be obtained fairly pure. Thi^ impurities of commer- 
cial varieties are treated of in the note under “ Tests.” 


Rosolic Acid. 

A red pigment, consisting chiefly of the compound CsoHigCI.'i, 
isomeric with methylaurin, and homologous with aurin. On 
its use as an indicator, see Sutton’s Vol. Anal., p. 38. Its 
degree of sensitiveness is described in the table, p. 130. 


Salicylic Acid. 

Acid, salicylic, puriss. recryst. (C^HgO..,). Mol. Wt.,137’G7. 
Whit(\ light, odourless crystals, soluble in about 500 parts of 
cold water, easily soluble in alcohol and ether. 

Tests for Impurities. 

The acid must possess the above properties, and should not 
smell of phenol. A solution of 1 gm. in 10 c.c. of ether must 
be clear and colourless. On heating 0‘5 gm. on platinum foil 
no residue must remain. T’he melting point should be between 
15G‘5° and 157^. A solution of 1 gm. in G gms. of concentrated 
sulphuric acid must be almost colourless. On dissolving 1 gm. 
in alcohol, adding a few drops of nitric acid and a little silver 
nitrate, no chlorine reaction must appear. 

The residue obtained on spontaneous evaporation of the alco- 
holic solution should be 'perfectly white. 



264 


SILVER. 


Uses. 

Owing to its property of arresting fermentation, the acid is 
used in the laboratory as a preservative, and has also been 
proposed as an indicator (Allen’s Comm. Organ. Anal., Vol. 
IIL,Pt. I., p. 53). 

Note. — Salicyl-sulphonic acid is a white crystalline substance 
easily soluble in water, and is prepared by heating salicylic acid 
with sulphuric acid; it is used as a test for protein substances 
(Pharm. Ztg., 1892, p. 325; and Allen’s Comm. Organ. Anal, Vol. 
IV., p .56). 

Commercial Varieties. 

The acid is now nearly always prepared synthetically, and 
may be obtained very pure. 


Silver. 

Argent, metallic, puriss. (Ag). At. Wt., 107’G6. Pure 
white metal in the form of sheets. 

Tests for Impurities. 

Foreign Metals.— The metal is dissolved in nitric acid, pre- 
cipitated as chloride and the filtrate evaporated. If a residue 
remains it is dissolved in nitric acid and tested with hydrogen 
sulphide, ammonia and ammonium sulphide. 

Quantitative Estimation. 

At all the Mints the silver is estimated by normal sodium 
chloride, a method introduced by Gay-Lussac, and more accu- 
rate than the former cupellation process, which showed a loss 
amounting to from 0’5 to 0*6 per cent., or even more. In 
using this method all the precautionary measures must be 
most strictly observed (see Button’s Vol. Anal., p. 299). 

Uses. 

The pure metal is used in volumetric analysis for standardi- 
sing sodium chloride solutions. According to Stein, chips of 
the finest lace-silver are used instead of metallic copper for re- 
ducing the oxides of nitrogen in ultimate organic analysis. 
Stas recommends reducing the metal from an ammoniacal solu- 
tion with ammonium sulphite, in order to obtain an absolutely 
pure silver. This tedious, but accurate, method is described 
in Post, Chem.-techn. Analyse, 2nd fM., Vol. L, p. 566. 
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Silver refineries prepare the above described chemically pure 
100 per cent, metal in sheets, as well as the grain silver. The 
former is well adapted as a standard for sodium chloride solu- 
tions. Ecgarding this method, see Fresenius, Quant. Anal, 
Vol. L, p. 237. 

Coitimercial Varieties, 

The chemically pure metal is prepared by reduction of the 
chloride. The so-called grain silver of the refineries, precipi- 
tated by means of copper, is never absolutely pure, according 
to Fresenius, Quant. Anal., Vol. I.,p. 106, and generally 
contains about tuW part of copper. 


Silver Nitrate. 

Argentum nitric, pur. (AgNOa). Mol. Wt., 169’55. Pure 
white crystals, or small sticks. The concentrated aqueous solu- 
tion must be clear and neutral. 

Tests for Impurities. 

Silrer Chloride and Saltpetre.-Ayo gm. is dissolved in an 
equal quantity of water, 20 c.c. of absolute alcohol added ; alter 
shaking for a few minutes the solution must remain clear. 

General Impurities . — 2 gms. are dissolved in about 60 c.c. of 
water ; the solution is then heated to 70"^, and gradually precipi- 
tated with the quantity of hydrochloric acid necessary. When 
the precipitate has settled it is filtered hot, washed, and the fil- 
trate evaporated to dryness and slightly ignited ; only traces 
of residue must remain. 

Note. — When an accurate determination is required, a larger 
quantity of the salt must bo taken. 

During a discussion regarding the best method of analysing the 
salt, Mr. H. Kossler, director of the “ Deutsche Gold und Silber 
Scheideanstalt,” Frankfort-on-the-Main, informed the author that 
he employed 100 gms. for the test for inqmrities, precipitating with 
hydrochloric acid. After obtaining a highly-concentrated solution 
by evaporating the filtrate in a porcehiin basin, he again diluted 
with water, heated, filtered, and evaporated to dryness, and after 
slight ignition weighed the residue. At the same time, he per- 
formed a blank test, evaporating the same quantity of water, 100 c.c. 
of the purest nitric acid (1 : 20), and 50 c.c. liydrochloric acid (^ • ^' ) 
in a porcelain basin, and subtracting tlie residue obtained from the 
above. The author has found good samples to leave from 0 01 to 
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0*03 per cent, of residue wlieii tested by this very accurate method. 
Such small traces consisting generally of calcium nitrate, with 
minute traces of copper and iron, cannot be avoided during the 
manufacture, and are of no importance in the use of the salt for 
silver nitrate solutions. 

Quantitative Estimation. 

See under “ Silver,” p. 264. 

Uses, Storage, and Deci- normal Silver Nitrate. 

The salt is used for the detection , separation and cstiniation 
of the halogens, and also tor the identihcation of chromic, 
arsenious and formic acids. Ammoniacal silver nitrate solu- 
tion and silver oxide arc frequently used in the investigation 
of organic substanc(‘s, and for tbe detection of the aldehydes, 
in presence of which an ammoniacal solution of silver is re- 
duced with formation of a mirror. 

Decinormal Silver Nitrate. --This is the solution generally 
employed, and may be prepared by dissolving 16’955 gms. of 
the purest salt in a litre of watcu’. TIk^ salt, [)ure for analysis, 
should be used, but as the nudal itself can be obtained in a 
high state of |)urity, the solution is often made by dissolving 
10'76() gms. in nitric acid, evaporating, and diluting the residue 
to 1 litre. Standard solutions of silver salts ought to be kept 
in brown bottles. Barille (Kep. de’Pharm., 1891, 47, p. 403) 
prefers to mix ground pumice stone or glass beads with the 
silver nitrah- sticks instead of linseed for keeping purposes, as 
the use of the latter occasions a loss of silver through the action 
of the oil contained in the seeds. 

Commercial Varieties. 

The following varieties are in tin; market (1) silver nitrate, 
from potassium nitrate ; (2) silver nitrate, from silver chloride ; 
and (3) silver nitrate, from lead nitrate, the first of these being 
used for medicinal purposes. These preparations cannot be 
mistaken for the salt under consideration if the tests for salt- 
petre, silver chloride and lead are applied. 

Silver Nitrite. 

Argentum nitrosum, puriss. (AgNOJ. Mol. Wt., 153’59. 
Yellowish crystals, difficultly soluble in water. 

The salt is prepared by precipitation from a concentrated 
solution of potassium nitrite by medns of silver nitrate, with 
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recrystallisation of the product. It is used for standardising 
permanganate solution for the estimation of nitrites, and must 
contain from 99’5 to TOO per cent, pure salt. Its estimation 
may be conducted as under “ Potassium Nitrite,” p. 250. See 
particularly foot-note, p. 251. 

Sodium. 

Natrium metallic. (Na). At. Wt., 23. Silvery white metal, 
of the consistency of beeswax at the ordinary temperature. 

Tests for Impurities. 

Foreign Metals . — The sodium hydrate obtained by acting 
upon the metal with water must give no reaction with am- 
monium sulphide, and on acidifying a* similarly prc'pared solu- 
tion with hydrochloric acid and passing hydrogen sulphide no 
precipitate must appi'ar. 

Note. — On dissolving coininercial sodiuni in watej’ a turbid solu- 
tion, due to impurities, is often obtained, but when the metal is to 
be used as a reducing agent these are of no importance. Sulphur or 
arsenic is seldom found; however, they may be tested for in the 
hydrogen evolved after treatment with water, by means of lead and 
silver paper (see “ Aluminium ”). The presence of nitrogen can be 
detected by the smell of ammonia on heating the caustic soda solu- 
tion. 

Quantitative Estimation. 

The metal is dissolved in wah'r, and the solution titrated ; a 
suitable apparatus for effecting solution without loss is de- 
scribed below under ” Uses.” 

Uses and Storage. 

Sodium is often used in analysis for the production of nascent 
hydrogen, and, among other uses, for the detection of nitric 
and sulphurous acids and arsenic. It is generally used for such 
purposes in the form of sodium-amalgam, a grey, dry substance 
containing about 2 per cent, of sodium, and giving a quiet, 
regular evolution of gas. Sodium may also be used for estal)- 
lishing the strength of standard acid solutions (Zeit. f. anal. 
Chem., 1893, p. 422). Eosenfeld (Zeit. f. prakt. Chem., 1893, 
p. 599, and J.S.C.I., 1894, p. 249) passes a slow current of 
steam over the metal, and conveys the hydrogen formed into 
distilled water by means of a short glass tube attached to india- 
rubber tubing in order to avoid loss. The water retains any 
caustic soda which may iiave passed over, and using 23 gms. of 
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sodium he obtained an exactly normal solution. Details regard- 
ing this apparatus are described in the above-mentioned paper. 

Sodium is generally preserved in paraffin oil, but this method 
has given rise to explosions, an instance being recorded (Chem. 
News, Vol. LXV. , p. 75) of the explosion of a bottle containing 
0‘9 kilogram preserved in this way. No reason could 
be ascribed for the occurrence, but Phipson, the observer, con- 
jectured that the paraffin oil might have been moist, or had 
been purifu'd with sulphuric acid, and the latter imperfectly 
removed. There is also a possibility of a prolonged deoxidising 
action of sodium on an impure oxidised oil giving rise to the 
formation of water or an organic acid. In consequence of this 
danger, W. Vaubel (J.S.C.I., 1892, p.753) recommends vase- 
line oil, under which it has been known to keep well for years, 
wiping the metal with dVy filter paper being quite sufficient to 
remove all traces of oil. Doth the so-calk^d “ safety oil ” and a 
petroleum ijroduct are said to be very well adapted for this pur- 
pose (Chem.-Ztg., 19, 1682-3). 

Commercial Varieties. 

Sodium is sold in sticks, lumps, or cubes. 


Sodium Acetate. 

Natrium aceticum, puriss. : acetate of sodium 
(CJlsO.Na, 3H,0). Mol. Wt., 135‘74. 

Colourless, transparent crystals, efflorescing in a warm atmo- 
sphere and lorming a slightly alkaline solution with 1 part of 
water ; soluble in 23 parts cold and 1 part boiling alcohol. 

Note.— On the reactions of sodium acetate see J.S.C.I., 1893, p. 
467. 


Tests for Impurities. 

Soluhility above. 

Metals, Sidphtiric Acid, Chlorine and Iron . — The aqueous 
solution (1 : 20) must give no reaction with either hydrogen sul- 
phide, barium nitrate, or ammonium oxalate. On adding an 
equal quantity of water, acidifying with nitric acid, and adding 
silver nitrate, no precipitate must appear, and 20 c.c. of the 
same aqueous solution must show no reaction with 0*5 c.c. of 
potassium ferrocyanide solution. 
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Quantitative Estimation. 

The best and most accurate determination of the acetic acid 
in acetates is by Fresenius’s method— namely, distillation with 
phosphoric acid and titration of the distillate ; and 0 . Neumann 
(Zeit. f. angew. Chem., 1889, p. 24, and J.8.C.I., 1888, p. 
645) describes an apparatus for conducting this estimation. 
Harcourt Phillips (Chem. News, 1886, p. 181) finds 
this method a very accurate one and better suited for the 
analysis of acetate of lime than the so-called ‘Tllauber salt 
method. ” According to this method , the acetate of lime is first 
converted into sodium acetate by adding sodium sulphate, and 
finally, by ignition, into sodium carbonate, which is then dis- 
solved in water and titrated. 

As acetates are greatly used for technical purposes, many 
simple methods have been proposed for use in factories, such 
as the direct titration method of A. Sonnenschein, which is 
based on the fact that methylaniline orange (Orange IV.) is not 
affected by acetic acid, but is tjoloured red l)y minerals acids 
(J.8.C.L, 1887, p. 563). 


Uses, 

Acetate of soda is used for the precipitation of iron and 
alumina, and also in the titration of phos[)horic acid by the 
uranium method ; further, as an important quantitative test for 
narcotine, papaverine and narceine. It is also used for the 
quantitative estimation and separation of the more important 
alkaloids of opium (Plugge, Analyst, 1887, p. 197). 

Commercial Varieties. 

The so-called “ red salt,” generally fairly pure, and the raw 
acetate may be obtained; the latter often contains carbon nd 
soda. Sonnenschein (/or. cit.) found 91 and 95 per cent, 
sodium acetate in two respective samples. 


Sodio-Ammonium Phosphate. 

Natrium phosphoric, ammoniat. pur. : microcosmic salt 
(P(34HNa (NH4) 4H.,(1). Mol. Wt., 208-65. 

Colourless crystals, showing a clear, colourless bead when 
fused on platinum wire soluble in water to a clear solution, 
with slightly alkaline reaction. 



SODIUM bicarbonate. 

Tests for Impurities. 

As under " Sodium Phosphate/’ 

Quantitative Estimation. 

The phosphoric acid is estimated as under “ Sodium Phos- 
phate,” and the ainnionia as under ” Ammonium Chloride.” 

Uses. 

The salt is an important blowpipe reagent, and is also used 
for standardising uranium solution (see ” Sodium Phosphate,” 
“ Uses ”). 

Commercial Varieties. 

These are liable to contain the same impurities as sodium 
phosphate. 


Sodium Bicarbonate. 

Natrium bicarbonic. puriss. (NaHCOy). Mol. Wt., 83‘85. 
White crystalline crusts, or powder, of slightly alkaline taste, 
and giving a clear solution with 12 parts of water. The flame, 
when seen through an indigo prism or cobalt glass, must not 
appear red, or, if so, ordy momentarily. 

Tests for Impurities. 

lleavij Metals, Silicic, Sulphuric, and Phosphoric Acids.— 
These tests, using a gram or two of the salt, are performed as 
under ” Sodium C'arbonate.” 

Ammonia.— On heating in a test tube, no smell of ammonia 
must be detected, and moist turmeric paper must not be col- 
oured brown by the vapours evolved. 

Chlorine, Thiosulphate, dr.semc.— The aqueous solution 
(1 : 50) acidified with acetic acid must show only a slight opales- 
cence with silver nitrate. 

Monocarhonate . — A solution of 1 gm. in 20 c.c. of water (ob- 
tained without agitating the liquid, and at a temperature not 
exceeding ITU) must not at once assume a red colour on the addi- 
tion of 3 drops of phenolphthalein ; should, however, a slight 
reddish colour be visible it ought to disappear on adding 0’2 c.c. 
normal hydrochloric acid. '• 
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Potash Sait.— See “ Note.’ 

Note.-Numerous investigations have recently been made on the 
bicarbonate, oi vfhicli a full and detailed account has been published 
bv the Society of German Pharmaceutical Chemists. The most im- 
portant points in this report are given here as follows “ Salts of 
sodium may be tested for potassium by the flame, the colour being 
observed through blue glass, when a red colour must not appear for 
auv length of time. This test is fairly delicate, as a fraction of a 
per cent, of potassium imparts a continuous red colour to the flame, 
hegarding the test for ammonia (ie., heating the dry salt in a test 
tube), 1 per cent, may be distinctly detected by smell, and even 0’02 
per cent, when moistened turmeric paper is fixed to the upper part 
of the tube. , 

Chlorine^ tliio sulphate, arsenic . — On testing the solution as already 
described, a whitish turbidity sliows presence of chlorine, a reddish 
or yellowish turbidity, arsenic, and a brown or blackisli turbidity, 
thiosulphate. If, therefore, after the lapse of a few minutes only a 
slight whitish opalescence is noticeable, it may safely l)e inferred 
that neither arsenic nor thiosulphale are present in any ajipreciablc 
quantity. Arsenic may also be easily found by Marsh’s test; also 
if, on dissolving the salt in dilute sulpluiric acid and adding metallic 
zinc, no hydrogen sulphide is detected on testing with lead acetate 
paper, there is no thiosulphate present. The cold solution ot the 
salt, in absence of mono-carbonate, may also be tested for thiosul- 
phate witli iodine solution, the colour of wliich must not be 
immediately discharged (see Salzer, 1887, A., p. 70). 

Monocarhonate . — According to the investigations of the Pharma- 
ceutical Commission, Kremel’s phenolphthalein test (see al)ove), if 
carefully done, is very’ satisfactory, but the reaction must lie noted 
at once. If the salt contains less than 2 per cent, monocarhonate, 
three drops of phenolphthalein produce no coloration. A little of 
this impurity is found in nearly every sample, and the salt must be 
carefully dissolved, as loss of carbonic acid ensues, even at the 
ordinary temperature, particularly on shaking, dhis test is superior 
to the old method with mercuric chloride, but in presence of am- 
monia salts the phenolphthalein test is also unreliable. 

Quantitative Estimation. 

This is performed in order to estimate the monocarhonate 
present, and if the sample is free from chlorides and sulphates, 
and has been dried over sulphuric acid, the monocarhonate may 
be found by simple titration with acid. As an example, if 5 
gms. of the pure salt are dissolved in 6‘2 c.c. normal acid, 25 c.c. 
1(5 alkali are necessary for.'neutralisation ; if the sample contains 
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1 per cent, monocarbonatc, only 2r3 c.c. will be required, if 2 
per cent. 17*8 c.c. , and 3 per cent. 14‘3 c.c. In order to execute 
an accurate analysis of a sample containing moisture, chlorides 
and sulphates, the NaaO is estimated alkalimetrically, as in 
sodium carbonate, and the CO 3 ^ravimetrically or volumctri- 
cally. Frcscnius, in his “Quantitative Analysis,” describes 
an apparatus for a convenient ^gravimetric estimation of CO 2 . 
From the amount of NaoO and CO 3 found, the percentage of 
mono- and bicarbonate may easily be calculated. 

Note. — III makin" this calculation it is necessary first of all to 
find how much of the CO^ is used by the Na^O, to form monocar- 
bonate, and what quantity of the latter is thus formed; secondly, 
the quantity of CO3 left ; and thirdly, how much of the moiiocar- 
onate calculated above can be converted into bicarbonate from the 
COo left ; this should f^ive the amount of bicarIxDnate present. On 
now subtracting the amount of Na.^COg equivalent to the bicarbonate 
found from the Na2C03 calculated at first, the amount of mono- 
carbonate present is found. 

Example. — 1 gm. of sodium bicarbonate contains 0*37 gm. Na^O 
and 0‘52 gm. COo, and, according to the equation Na^O-fCOa^ 
NajCOg, the 0*37 gm. Na20 will require 0*262.5 gm. CO.^ for conver- 
sion into monocarbonate, the amount formed being 0*6325 gm. On 
subtracting the 0*2625 gm. CO^ from the total CO^ (0*52 gm.), 0*2575 
gm. remains, and from the equation Na^COa-f C02-fH20" 
2(NaHC03), this quantity is capable of converting 0*6203 gm. mono- 
carlx)nate into bicarbonate, forming 0*0831 gm. bicarbonate. As 1 
gm. of the sample was taken, the ]Hircentage is 98*31. The mono- 
carbonate may be calculated as follows: — Tlie amount of Na2C0., 
equivalent to the NallCO.^ found is 0*6203 gm., and this subtracted 
from 0*6325 gives 0*012 gm., or 1*2 per cent, monocarbonate. The 
sample, tlierefore, consists of 98*31 per cent. NaHCO.^ and 1*2 per 
cent. Na^COy, the dihercnce of 0*49 per cent, representing moisture, 
etc. A sample on analysis gave 37*21 per cent. NaaO and 48*67 per 
cent. CO.j, and consisted, therefore, of 85 per cent. NaHC03, 10 per 
cent. Na^COg, and 5 per cent, moisture, etc. 

E. Eeitli has devised a volumetric method for the estimation 
of the CO 3 and alkali in sodium bicarbonate (Volumetrische 
Analyse, 1883, p. 101). Lunge has also published a method for 
the estimation Of alkaline monocarbonate in presence of bicar- 
bonate ; the process finds general use in alkali manufacture, and 
is well adapted for the analysis of the salt under consideration 
(see Lunge’s Alkali and Sulphuric Acid; also Sutton, Vol. 
Anal., p. 58; also Zeit. f. angew. Chem., 1897, Vol. VI., p. 
169). 
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Uses and Storage. 

The pure salt is used as a neutralising agent, and in forensic 
analysis for the detection of alkaloids in place of the normal car- 
bonate. Mohr considers the salt to he wadi adapted for the pre- 
paration of dehydrated sodium carbonate for standard solutions, 
the conversion being elTected by ignition. It is worthy of note 
that, according to Kissling (J.C. 8., 1891, A., p. 3()4), sodium 
carbonate los('S traces of (iOo on ignition, with formation of free 
alkali ; the carbonate will therefore always give a slight reaction 
with Dobbin’s reagent (seeji. 281). Dehydrated carbonate pre- 
pared from bicarbonate, and its employment as a standard for 
the titration of acids, are red'erred to under “ Sodium Car- 
bonate.” The salt must l)e kei)t in well-stoppcred bottles. 

Commercial Varieties. 

Even in very pure preparations, minute traces of chlorine, 
sulphuric acid and inonocarbonate are always present, and com- 
mercially pure samples contain distinct traces ot the two former 
impurities, in addition to a few percent, monocarbonate. Leh- 
mann (Pharm. Ztg., 1888, p. 42) found in a sample labelled 
“Natr. hie. pur. germ.” 2T) per cent, ammonium carbonate 
and O’OG per cent, sodium thiosulphate. Less pure varieties, 
some of which are obtained by the ammorvia process, and especi- 
ally of English manufacture, have been often found to contain 
considerable quantities of common salt, ammonium chloride or 
carbonat(‘. and also thiosulphate (Pep. d. (diem. -Ztg., 1887, 
p. 288; Arch. d. Pharm., 1888, p. 35; Pharm. Ztg., 1889, p. 
198). Some years ago Mylius and Wimmcl detected thiosul- 
phate and arsenic. The presence of ammonia in the cheaper 
qualities was pointed out some time ago, and the author has 
detected this impurity and thiosulphate in similar sam[)les*, 
and has had to reject them. The better qualities are generally 
very pure, containing very small traces of the impurities already 
referred to here, and such samples stand the test required by the 
German Pharmacopoeia, and even far more stringent tests. 

Sodium Bichromate. 

Natrium bichromicum, puriss. (NaaCraOr, 2 H 2 O). Mol. Wt., 
298’54. Red, hygroscopic crystals. 

^oTthe quantitative estimation of ammonia, the salt is boiled 
with caustic soda solution, the ammonia evolved retained by stan- 
dard hydrochloric acid, am) the solution titrated with standard 
alkali. 1 
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Test5 for Impurities. 

As under “ Potassium Bichromate.” 

Quantitative Estimation. 

The method is the same as for the potassium salt ; or th('. 
solution may be titrated with ferrous ammonium sulphate, 
using potassium ferricyanide as indicator, a drop of the solution 
being brought in contact from time to time with a drop of 
ferricyanide. The iron solution is standarised on chemically 
pure potassium bichromate, and may be checked with perman- 
ganate solution which has been previously standardised on 
potassium tetroxalate (see Chem.-Ztg., 1891, p. 373). For the 
testing of chromates by Zulkowski’s method, which is a satis- 
factory one, see Liebig’s Annalen. 1891, p. 357, et seq. 

Uses and Storage. 

The salt is employed as an o.xidising agent, and must be well 
protected during storage. 

Commercial Varieties. 

For technical purposes the salt is sold either in the crystalline 
or fused state, the latter containing very little water. K. Kiss- 
ling (J.S.C.I., 1891, p. 401) gives the following analyses of 
commercial samples 

(a) English manufacture, containing 10 to 13 per cent, of 
water and 83*79 to 88*42 per cent, of the pure salt. 

(b) German manufacture, containing 11 to 12 per cent, and 
87*90 to 88*39 per cent 

(c) German manufacture containing 6*6 per cent, and 92*84 
per cent. 

(d) German, fused, containing 7*1 per cent, and 88*61 per 
cent. The dehydrated salt is generally sold with a guarantee of 
about 74 per cent, chromic acid. 

Sodium Bisulphate. 

Natrium bisulphuricum, puriss. : acid sulphate of soda 
(NaHSO^, H,0). Mol. Wt., 137*78. 

Colourless crystals. The salt must give a clear, colourless 
solution with water and show a stronj^ acid reaction. As a rule 
the salt crystallises with one molecule of water. 
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Tests for Impurities. 

As under “ Potassium Bisulphatc.” 

Test for potassium, sec “ Sodium Bicarbonate,” 

Quantitative Estimation. 

A weighed quantity is dissolved in water, the sulphuric acid 
precipitated with barium chloride, and the barium sulphate 
weighed. To the filtrate sulphuric acid is added in excess ; the 
solution is then filtered, evaporated, and the residue finally 
ignited with ammonium carbonate until excess of sulphuric 
acid is removed. The sodium snljdiatc left is then weighed. 
If the residue has to be tested for potash, the sulphate must be 
converted into chloride by means of barium chloride, and pla- 
tinic chloride added to the concentrated soliition. Jn most 
cases it will be sufficient to estimate the sulphuric acid by the 
method described above, or the solution may be titrated with 
normal alkali solution, using litmus as indicator. 1 c.c. equal 
0T1982 gm. NaIiB 04 . 


Uses and Storage. 

The salt is used as a solvimt for minerals difficult to decom- 
pose, and the usual precautions must be adopted in storage. 

Commercial Varieties. 

The pure salt is sold either in the crystalline state oi fused. 
The author has often come across samples having the wrong 
composition owing to their containing too little sulphuric acid. 
A crude bisulphatc, generally containing arsenic and iron, can 
also be obtained. 


Sodium Bisulphite. 

Natrium bisulphurosum, pur. : acid sulphite of soda. 

(NaHSOg). Mol. Wt., lOS’SG. 

White powder, with a strong smell of SO^- The aqncous solu- 
tion shows an acid reaction. The salt should contain from 90 to 
95 per cent. NaHSOa. 

Tests for Impurities. 

Arsenic.- 5 gms. are evaporated to dryness with pure con- 
centrated sulphuric acid ; on dissolving the residue and passing 
hydrogen sulphide no reaction must take place, and on add-on 
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of nitric acid solution of ammonium molybdate no yellow colour 
must appear on lu'utin^^ slightly. 

Quantitative Estimation. 

According to the iodine method of Bunsen, 5 gms. arc dis- 
solved in a litre of freshly boiled and cooled distilled water, the 
cooling being conducted in a closed vess(d. A portion of the 
solution is then measured off with a })ipett(' and diluted with the 
boiled water until 100 c.(5. contain a maximum of 0’04 gm. SOo ; 
in other words, the solution must not use more' than about 12 
c.c. P(T iodine. A solution of starcli is now added, and the solu- 
tion titrated with it? iodine until a blue colour appears. 1 c.c. 
xiT iodine equals O'OOOlOo gm. SO.. The sulphites may also be 
estimated aikalimetrically, using methyl orange as indicator, 
according to Tjungc. liitnnis and plumacetolin are not well 
adapted for this purpose. Tlu' method is described in Sutton. 
Ch. Blarez (J.C.S., 188(), A., |). 918) has publislied an article 
on the behaviour of suljdiurous acid towards various indicators, 
and its estimation by standard acid in presence of other acids. 

Uses and Storajsfe. 

The salt is a strong reducing agent, and is used particidarly 
for the conversion of arsenic into ar.s('nious acid, chromic acid 
into oxide, and the reduction of ferric oxid(‘ : it is also used for 
otlu'r purposes in analysis. It must be kept in well stoppered 
bottles. 

Commercial Varieties. 

Sodium bisulphite, dry, for h'chnical purposes, the pure dry 
salt, and th(’ preparation for analytical purposes, which latter 
must be free from arsenic in particular, may all be obtained. 
On drying the salt in tlie atmosphere a slight loss of SOo always 
ensues, which excludes the possibility of preparing a commer- 
cial salt containing 100 per cent., or of even giving an accurate 
guarantee of its percentage. Good preparations should have 
the above mentioned percentage, but the salt deteriorates dur- 
ing storage, and particularly in contact with air; this also 
applies to the aqueous solution, the sulphate being slowly 
formed. 

Sodium Sulphite (XasSOa + aq) mi^st answer the same tests, 
and serves the same purpose as the a^ove. 
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Sodium Borate. 

Natrium biboracicum , pur. : borax (Nbioli^O^, lOHnO). Mol. 
Wt., 380‘92. Hard, wliito crystals, soluble in 17 parts of cold, 
and 0’5 part of boiling water. The aqueous solution must be 
clear, give an alkaline reaction, and, after acidifying with 
hydrochloric acid, must impart a brown colour to turmeric 
paper. 

Tests for Impurities. 

Metals, Earths.- -The hot aqueous solution (1 : 30), after 
acidifying with hydrochloric acid, must give no reaction with 
hydrogen sulphide watmn and, on adding excess of sodium car- 
bonate to the same solution, no precipitate must form. 

Carbonates, Sulphates and Chlorides. —On acidifying the 
aqueous solution (1 : 30) with nitric acid, no carbonic acid must 
be evolved, and subseipieiit addition of barium and silver 
]iitrat('s must not produce any change. 

irafcr.— The salt, after grinding to fine powder and drying 
by exposure to tlie air, must lose -17T per cent, on ignition. 

Note.^The ordinary prismatic borax, Avith 10 molecules of water, 
shows the above loss on ignition, but the octahedral modilicaiion, 
crystallised at a temperature over GO^’, or from supersaturated solu- 
tion, contains only h molecules of water of crystallisation. As the 
former is cmploved for standardising acid solutions it is iiecessai v 
to estimate the water present l)efore use, as tlie sample may contain 
crystals of the octahedral form : as an alternative, the borax may be 
estimated by normal acid, 5-25 c.c. of which correspond to 1 gm. 
borax (see Kimbach, J.S.C.I., 181)3, p- 46G .; also Salzer, J.S.C.h, 1804, 

p. 280). 

Quantitative Estimation. 

In the absence of free alkali or carbonate, commercial samples 
may be tested by titration. When exactly suflicient sulphuric 
acid lias been added to set free the boracic acid, litmus indicator 
assimies a claret colour*, changing instantly to a ligitei lec 
in presence of the slightest excess of snlphuric acid. 
culc of borax (381) requires one molecule suliihuric acid ( J8) tor 
decomposition. On the employment ol methyl 
dicator in this method, see Sutton, Vol. Anal., 7th t p. 

By Kosenbladt’s method the boracic acid is converted into 
boracic methyl ester, which is separated by distillation, and, 

* C. Schwarz titrates with hydrochloric acid, using coiigo red as 
indicator (J.S.C.I., 1888, ]/. 45). 
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after decomposing the ester, the boracic acid is weighed. The 
titration method is the best, however (sec Sutton, loc. cit.). 

Uses. 

Borax plays an important part in blowpipe analysis, and 
for that purpose must be dehydrated by gentle ignition in a plati- 
num capsule till the intumescence subsides (calcined borax) ; in 
this condition it is also used in metallurgy. Salzcr recom- 
mends the use of pure borax as a standard in alkalimetry and 
acidimetry. Salzer and Eimbach employ a decinormal borax 
solution, which keeps very well. 

Commercial Varieties. 

'Idle pharmaceutical preparation (refined borax) is the pris- 
matic form, and the hard, octahedral borax finds use for tech- 
nical purposes. Calcined borax and borax glass arc also used 
in analytical work, and are both free from water, but take up 
moisture from the* atmosphere, the glass becoming opaque. 
Refined borax is generally |)ure, as its appearance' shows. Eng- 
lish borax has been said to contain as much as 20 per cent, of 
sodium phosphate (Beickmann), but the author has never found 
this impurity, which might readily be dotectc'd by ammonium 
molybdate. 


Sodium Bromate. 

Natrium bromicum, puriss. (NaBrO.J. Mol. Wt., 150‘63. 
Crystals, easily soluble in water, solution in which must be 
clear. 

Tests for Impurities. 

As under “ Potassium Bromate,” p. 222. 

Sodium Carbonate (Pure Crystallised). 

Natrium carbonic, cryst. chern. pur. : carbonate of soda 
(Na,CO3,10H,O). Mol. Wt., 285-4.5. 

Large, colourless, transparent crystals. 

Te5t5 for Impurities. 

Soluhility —20 gms. must give a clear, colourless solution 
\vith 80 c.c. of water. 

Silicic Acid.— On evaporating 20 gms. with excess of dilute 
hydrochloric acid, drying the residue 'for some time at lOO'^C., 
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and redissolvinf? in some more acid and about 150 c.c. of water, 
the solution must be clear and show no scales of silicic acid. 

Sulphuric Acid . — On dissolving 10 gms. in 150 c.c. of water, 
acidifying slightly with hydrochloric acid, heating fo boiling, 
and adding barium chloride, no precipitate must form after 
twelve hours’ standing. 

Chlorides A solution of 5 gms. in 50 c.c. of water, slightly 
acidified with nitric acid, must give no reaction with silver 
nitrate. 

Arsenic . — 10 gms. of granulated zinc, free from arsenic, are 
placed in a i\rarsh apparatus of about 200 c.c. capacity and 
dilute sulphuric acid (1 : 3) added, and the test for arsenic 
applied in the usual way. 30 gms. of the carbonate are dis- 
solved in a little water, the solution acidified with the dilute 
acid, and transferred to the apparatus, which is kept going for 
half an hour, during which time no arsenic mirror must have 
appeared. 

Note. — Fresonius and Otto both record having detected arsenic 
in carl)Oiiatc of soda, and they separately call attention to the neces- 
sity of testing for this impurity when the carbonate has to be em- 
ployed for forensic work (Otto, Ausmittelung der Gifte, Gth Ed., 
p. 149). 

Heavy Metals, Lime, etc.-- 20 gms. are dissolved in 00 c.c. of 
water, acidified with hydrochloric acid, and hydrogen sulphide 
water added. No change must take place, and on adding am- 
monia, ammonium sulphide and ammonium oxalate, the solu- 
tion must not show a precipitate or turbidity, nor be greenish 
in colour. Nor potassium sulphocyanide test, see under 
“Uses.” 

JSiosplioric Acid . — The test is performed as under Potas- 
sium PTydrate,” using 20 gms. of the sample. 

Thiosulphate, Ammonia, Potassium.— ^eo note under 
“ Sodium Bicarbonate,” p. 271. Sodium carbonate must be 
free from ammonia. 

Alkaline Hydrate is tested for by Dobbin’s reagent (see note, 

p. 281). ... 

Sodium Bicarbonate.— A quantitative estimation is per- 
formed by the method recommended in Bockmann, Chem.- 
techn. Unters., 3rd Ed., Vol. L, P- 390, for testing soda ash 
made by the ammonia process. Its presence may also be d^ 
tected by heating the effloresced salt to about 150 and passing 
the carbonic acid evolved (if bicarbonate is present) into baryta 
water. For use as a p^lecipitant or as a flux the presence ot 
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bieaibonate is not objectionable, and the absence of bicarboiiati' 
is only cssentiiil in the ctise of the bydnitcd form used ns a skn- 
dat'd, which must not evolve any CO. on careful i^nntion, aiid 
must show no loss in weight. 

Quantitative Estimation, 

A solution of 5 gms. in 50 c.c. of water is heated to boiling, 
litmus added, and the boiling solution titrated with normal 
hydrochloric acid until the red colour remains permanent. 1 
c.c. normal acid equals 0‘053 gm. NaoCOg, or 0‘1427 grn. 
NaoCOy, lOHoO. In alkali manufacture, methyl orange is used 
as indicator, and the sulphuric acid used for titration is stan- 
dardised on pure sodium carbonate, and is so prepared that 50 
c.c. will exactly neutralise 5 gms. Na.I'd:^. llcinitzer (Zdt. f. 
angew. Chem., 1894, p. 447, cf sc(j.) records an accurate method 
of performing a complete volumetric analysis of the carbonate. 
The titration of th(‘ alkaline carbonates and their analysis are 
also described in Sutton. Lunge (Analyst, 1895, p. 05) recom- 
mends certain precautions to be used in employing methyl 
orange as an indicator. A quantitative analysis is only made as 
a general rule when the anhydrous salt is being examined, as 
the external appearance of the crystallised salt is a good enough 
guide as to its purity. 

Uses and Storage. 

The crystallised salt is used as a, precipitating and neutrali- 
sing agent, and for the decomposition of a number of in- 
soluble salts containing an alkaline earth or metal as base, 
particularly when in combination with an organic acid. The 
salt should be stored in glass bottles. Richards (Chem. News, 
189*2, p. 245) gives a method for preparing an absolutely pure 
sodium carbonate, which he used in determining the atomic 
weight of copper. This preparation showed no colour with 
ammonium sulphide, either before or after neutralisation, no 
reaction with potassium sulphocyanide, and contained neither 
chlorides nor sulphates. It was pure white in colour, gave a 
perfectly clear, colourless solution with water, and the solu- 
tion emitted no odour on heating. The only impurities pre- 
sent consistcul of infinitiesimal traces of silicic acid and alumina, 
which, as Stas affirms, cannot be got rid of entirely, even when 
using the greatest precaution. 

* Commercial Varieties. 

For special analytical work it is necessary to use the chemi- 
cally pure preparation, but for genera^ use the puriss. is quite 
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„ood enough. This latter contains slight traces of iron, 
chlorides and sulphates. 

Sodium Carbonate (Pure Anhydrous). 

Natrium carh. sicc. chem. pur. (NajCOs + HjO and NaaCOa). 

A white, dry powder. 

Tests for Impurities. 

The same tests as the preceding are applied, but as the salt 
is dehydrated, only one-third the quantities given shoidd be 
used. ddic various qualities of this preparation , and tlie amount 
of water which ought to be presc'nt, are detailed under “ Com- 
inercial Varieties.” 

Note. — The dehydration must be carefully conducted, as at a 
hi^dier temperature than that necessary a loss of CO^ takes jdace, 
and in this way traces of caustic alkali may be formed. These may 
he detected by Dobbin’s reagent — ammoniacal potassio-mercuric 
iodide. According to Kissling (Rep. d. Chem.-Zt^^, I ("^90, p. 13G) 
this reagent may be prepared as follows: — A solution of about 5 
gms. potassium iodide is mixed Avitli a solution of mercuric cldorido 
till the precipitate formed just ceases to redissolve. The solution is 
then tiltered off, and 1 gni. of ammonium chloride added ; a dilute 
solution of caustic soda is carefully introduced until a slight per- 
manent precipitate forms. The solution is now finally filtered and 
made up to a litre. The best method of detecting alkaline hydrate 
is to place the substance under examination on a watch-glass and 
pour some of tlie solution over it; the slightest trace will he at once 
evidenced by the appearance of a yellow colour (see also paper by 
L. Dobbin, j.S.C.L, 1888, p. 829). 

Quantitative Estimation. 

See under “Uses.” 

Uses and 5torage. 

It is used as a blowpipe re:igeut, and a mixture of the 
chemically pure anhydrous carbonates of potassium and sodium 
is employed as a flux for silicates. In forensic chemical 
analysis the pure carbonate is often used in the investigation 
of alkaloids and metallic poisons. As before mentioned, the 
absolutely anhydrous salt is used as a standard in acidimetry, 
and is obtained by igniting to a dull red heat chemically pure 
bicarbonate of soda. The best method of checking the car- 
bonate is by titration with normal hydrochloric acid, previously 
standardised on Iceland spar. The anhydrous carbonate absorbs 
moisture from the atmosphere up to about 10 per cent, in 
course of time, and must [therefore be kept well sealed. 
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Commercial Varieties. 

The following kinds are prepared : — 

(a) Chemically pure dry sodium cai’honate in powder, con- 
taining about one molecule of water, l^egarding this prepara- 
tion, Kissling (Chem.-Ztg., 1890, p. 186) considers the car- 
bonate, pure for analysis, sold by E. ^lerck, to be the purest 
of all those he tested; this salt consists only of sodium, car- 
bonic acid and water, and loses 0’63 per cent. CO^ and 14’7() 
per cent, of water at 150", containing, therefore, a little bicar- 
bonate. 

(b) Chemically pun^ anhydrous carbonate; also perfectly 
pure, but containing 2 or 3 per cent, of water, and sometimes a 
little bicarbonate. 

(c) Chemically [)ure carbonate, used as a standard for acids. 
This must also be pei-fc'ctly ])ure, free' from water and bicai-- 
bonate, and must contain 100 pi'r cent. For its analysis, see 
“Uses.” 

Sodium Carbonate, Crude. 

Natrium carb. crudum : soda ash (Na .COii and NaoCO;t, 
IOH 2 O). It may be obtained edther calcined or in crystals. Boda 
crystals dissolve more readily, contain less terric oxide, and are 
free from hydrate and insoluble matter. They contain up to 
65 per cent, of water and several per cent, of sulphates, 
chlorides, etc. The German rharmacopceia demands at least 
32 per cent. Na 2 CO.s. Soda ash may now be purchased with a 
guaranteed percentage of, in many cases, 98 to 99 per cent. 
The product obtained by the ammonia-soda process has, in 
particular, attained a high degree of purity of late, and there 
has been also a marked improvement in that by the Leblanc 
method. I^ockmann considers that a good sample ought to 
answer the following specification There must not be present 
more than O' 5 per cent, of water, OT insoluble in hydrochloric 
acid, and 0*02 ferric oxide. Ammonia-soda (calcined soda), 
particularly Solvay-soda, contains considerably less than these 
maxima. It contains less than O'l per cent, of sulphate, and 
good Leblanc soda ash contains from 0'5 to 1 per cent. The 
proportionate amount of sodium chloride present in the am- 
monia product is 0'5 per cent, with a 98 per cent., and 2'5 pei 
cent, with a 96 per cent, sample, and good Jjeblanc contains 
from 0*25 to 0*5 per cent. The strength of soda ash is ex- 
pressed differently in the various cl|)untries; for example, in 
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England we find the available soda calculated to caustic soda ; 
in Germany it is recorded as carbonate, and in France and 
Belgium as degrees Bescroizillcs. A table showing the rela- 
tion between these methods has been compiled by l\ittison, and 
brought up to date by Lunge, and is recorded in the various 
handbooks (e.g., The Alkali-makers’ Handbook, Lunge and 
Hurter, p. 139, et seq.). 

In addition to the estimation of the carbonate present, the 
following tests may be of some importance Sf)ecific gravity, 
solubility in water, insoluble, etc., percentage of sohii)le and 
insoluble iron chlorides, sulphates, sodium thiosulphate, sul- 
phide, silicate, bicarbonate and hydrate. Lunge’s “ IManufac- 
ture of Alkali and Riilphnric Acid” gives detailed analyses of 
soda ash. The percentage of water must also be ('stiinated, as 
the product may have drawn moisture during stoi-age. 


Sodium Chloride. 

Natrium chlorat. clunn. pur. (NaCl). Mol. Wt., 58‘37. 
White crystals or crystalline powder. 

Tests for Impurities. 

Sohibility, Siilplinric AcicL—'d gms. must give a clear, neu- 
tral solution with 20 c.c. of water, and on diluting this solution 
to 80 c.c., heating to boiling, and adding barium chloride, no 
preci[)itate should form even after several hours. 

Alkaline Earths, Heavy Metals.— ?> gins, are dissolved in 50 
c.c. of water, and, after heating to boiling, ammonium oxalate, 
sodium carbonate and ammonium suljdiide addl'd ; the solution 
must not turn turbid. 

Iodine . — 20 c.c. of the aqueous solution (1 :2()), to which 
ferric chloride and starch solution have been added, must show 
no turbidity. 

Potassium.— A concentrated solution must show no precipi- 
tate with platinum bichloride, even after long standing. 

Ammonia.— Whm heated with caustic soda no smell of am- 
monia must be detected. 

Quantitative Estimation. 

A solution is madfe containing 0’2 gm. in 100 c.c. of water ; a 
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few dro[)s of potassiuin chromate arc then added, and the solu- 
tion titrated with decinonnal silver nitrate till a faint red 
colour appears. 1 c.c. silver nitrate equals 0'005837 gm. 
NaCl. In the analysis of ordinary common salt, the lime, 
magnesia, sulphuric acid and water are estimated quantita- 
tively. 


Uses and Storage. 

The chemically pure salt is used for standardising silver solu- 
tions, and for precipitating the salts of silver. To prepare the 
decinonnal solution the salt is very slightly ignited {not fused, 
as loss of hydrochloric acid would ensue), and 5 ‘837 gms. 
\^’eighed out and dissolvcxl in a litre of water; the solution is 
tested against decinonnal silver nitrate. The salt is also used 
for producing the sodium dame in polariscope investigations, 
and the dry puriss. salt is taken for this piu’pose. The usual 
precautions must be observed in storagt. 

Commercial Varieties. 


These are 'riie chemically pure salt, the dry puriss., the 
fused puriss., and ordinary common salt. The first is abso- 
lutely pure, and the others of the puriss. class are often suffi- 
ciently so for general analytical purposes. The author finds 
the prevailing impurities in thes(‘ lo consist of slight traces of 
sulphates, lime or magnesia,, and so they do not on this account 
conform entirely to the above tests. Kubel (Arch. d. Pharm., 
1888, p. 440) found the commercially |)ure salt to contain the 
chlorides of ammonium and magnesium. 


Sodium Chloride, Ordinary. 

Natrium chlorat. crude : common salt. 

The Stassfurt rock salt, a well-known German product, con- 
tains up to 99 [)er cent. Hahn found samples containing from 
87 ‘39 to 99'45 NaCl ; the KCl ranged from none at all to O’ 17 ; 
Caa, 0-0‘oC)4; MgCl„ 0‘07-2‘06; CaS04, 0‘35-r334; 
MgSO^, 0-0-485 ; K.SO^, 0-0‘579 ; Na,S04, 0-l‘25; MgCO„ 
0— 0‘033; in addition to from 0*60— 7‘91 per cent, of water, 
and traces of silicic acid and organic substances. According to 
these figures the sulphates predominate. * 
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J. Konig (“ Chemie dor Nahriingsmittel ”) gives the follow- 
ing analyses of various samples 


From Salzungen. 

Ordinary 

salt. 

Table salt. 

Purest 
table salt. 


Ordinary kitchen Halts. 
Per cent. 


Sea salts 
analysed by 
Karsten, St. Ubes. 

1 . 2 . 3 . 

Per cent. 


I 


Moisture ... 

1-96 

0-69 

! 

0-33; 

2*26 

2-92 

3-06' 1-20 


! 



Combined 



1 



: 1 




water 

0-75 

0-71 

0 - 72 ! 

1-42 

1-41 

0-90; 1-34 

2U0 

3-10 

1*95 

Sodium 










chloride 

97-03 

98-16 

;98-74 95-07 I 

95-27 

;93-38 95-59 95-86;02-46 

96-50 

Potassium 




[ 






chloride 

— 

— 

_ 

1 trace 

— ' 

" i — 

— 


— 

Magnesium 






1 


^ .J 


chloride 

— 

0'38 

0-13 

' 0-22 

0-18 

0-G4| 0-16 

0-24 

i 

0’32| 

Sodium 




1 


1 




sulphate 

0-46 

0-16 

0-00 

, — 

0*21 

0-94: 0-90, 


— 

— 

Calcium 




1 


1 ! 




sulphate 

0-09 

— 

— 

0-27 

0-43 

0-99 0'51 

P30 

2‘28 

0’88 

Magnesium 




1 


' i 



noJ 

sulphate 

0-03 



— 

i 0-36 

— 

1 

i 0-35 

1 0-66 

0-25| 

Insoluble... 


-- 

— 

1 

— 


0-15 

0-95 

0-10 

General 

coarse 

fine 

1 very ;coarse 

coarse 

me- 1 me- 

— 

— 

— 

appearance 



fine 1 

! ! 


diiinPdiuni 





Rock 

salt 

from 

Erfurt 


Per 

cent. 


0'41 

O-OII 


1-47 


; 0'25 
fine 


Bromine, iodine and lithium are sometimes present in very 
minute quantities : they occur along with the chlorides of 
sodium, calcium and magnesium in the natural salt liquor, but 
are nearly all retained in the mother liquor during the manu- 
facture. The author found in the mother litjuor from Wcrl 
works, 3'3754 gms. potassium bromide, ()'0137 gm. potassium 
iodide, and 8’9833 gms. lithium chloride per litre. 

Sodium Fluoride. 

Natrium fluoratum, pur. (NaF). I\Iol. Wt., 42 00. White 
cubes, soluble in about 25 parts of water. 

Tests for Impurities. 

See “ Hydrofluoric Acid.” 

Quantitative Estimation. 

Hiutz and Weber (J.S.C.I., 1891, p. 273) describe the cor- 
rect method to be adoptediiii inaldng a quantitative estimation 
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of the component parts of sodium fluoride ; they also describe 
the estimation of silicic acid and fluorine. Sulphuric acid and 
chlorine they estimate as follows About 20 gms. of the 
sample are heated with water, and, after cooling, the liquid is 
diluted to a litre without filtering, and allowed to settle, (a.) 
A measured quantity of the clear solution is transferred to a 
large platinum capsule, acidified with hydrochloric acid, and 
barium chloride added. The precipitate is fiftcred and washed 
in a platinum funnel, and fused with sodium carbonate, the 
fused mass is then extracted with water, filtered, acidified 
again with acid and reprc^ci pita ted with barium chloride. This 
operation is repeated if necessary. The barium sulphate thus 
obtained is tested by ignition with sul[)huric acid, after wdiich 
no loss in w’eight should be observed, (b) The chlorine is pre- 
cipitated in another portion of the clear solution by acidifying 
with nitric acid and adding silver nitrate; this must also be 
done in a platinum capsule, and a funnel of the same material 
must b(? used for filt(‘ring the silver chloHde. 

Uses and Storage. 

The salt is very seldom used in analysis, but is more largely 
employed for technical purposes. It is kept in indiarubber 
bottles. 

Commercial Varieties. 

Hintz and Weber, loc. dt., give the following, as represent- 
ing the composition of commercial sodium fluoride 

per cent. 


Sodium fluoride 65 '65 

,, chloride 0*74 

,, carbonate 13 ‘89 

n sulphate 1*96 

Potassium sulphate O’ 74 

Soda combined with silicic acid 1*50 

Silicic acid partly combined with soda ... lO'll 

Calcium carbonate 0‘25 

Magnesium carbonate ()-32 

Ferric oxide 0*48 

Alumina 0‘17 

Water 3*97 


99‘78 

The commercial preparation is now purer than formerly, 
containing up to 97 per cent. 
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Sodium Hydrate. 

Natrium hydricum (NaOH). Mol. Wt., 39 %. 

There are three kinds in use for analytical purposes : — 

(a.) Sodium hydrate, pure from sodium (the purest prepara- 
tion). 

(b.) Sodium hydrate, pure by alcohol. 

(c.) Sodium hydrate, pure. 

I. Sodium Hydrate, pure from Sodium. 

(NaOH + aq.) 

White crystalline lumps. 

Tests for Impurities. 

The solution in water must be clear, and free from iilumina. 
Tests as under “ Potassium Hydrate, puriss.” 

Lime and Heavy Metals.— The slightly alkaline solution 
from the alumina test must give no reaction with ammonium 
o.xalate or ammonium sulphide. 

Sulphuric, Nitric and Silicic Acids. — See “Potassium 
hydrate.” 

Chlorine. — A solution (1 : 20) acidihed with nitric acid must 
give no chlorine reaction, or only a very slight opalescence. 

Carbonic Acid.— 2 gms. are dissolved in 10 c.c. of water, and 
the solution poured into a mixture of 8 c.c. hydrochloric acid 
(1 : 12) and 8 c.c. of water; only a few bubbles of gas may 
appear, but no effervescence. Phosphoric acid must also be 
tested for as under “ Potassium Hydrate',” and there must be 
no ammonia reaction on testing with Kessler’s reagent in 1 : 20 
solution. 

Quantitative Estimation. 

The method is the same as that applied to sodium carbonate. 
If 4 gms. arc taken, each c.c. of normal acid is equal to 1 per 
cent. NaOH. For the estimation of the carbonate present, see 
“ Sodium Hydrate pure,” p. 290. 

Uses and Normal Solution. 

The uses of the purest sodium hydrate arc like those of the 
potassium preparation. 

Normal Canstic Soda.— i;his solution must contam 39-9b 
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gms. NaOH per litre* and, according to Muller, must be prac- 
tically free from CO.^ for this purpose ; the elimination of that 
impurity may be effected by means of barium hydrate. Methods 
for preparing the solution and keeping it out of contact with the 
air arc given in various books on the subject. It is generally 
standardised on normal sulphuric acid, but potassium tetroxa- 
late may also be used. 

Commercial Varieties. 

When their j)rcparation from metallic sodium has been care- 
fully conducted these always conform to the above tests, and 
the sodium hydrate, puriss. from sodium, of E. Merck, con- 
tains 97 to 99 per cent. NaOH. 

2 . Sodium Hydrate, pure by Alcohol. 

(NaOH + aq.) 

White crystalline mass, or thin sticks, giving a clear and 
colourless solution with water. 

Tests for Impurities. 

Sohihility, Alumina, Lime, 11 (’ary Metals,— M) gins, must 
give a clear solution with 40 c.c. of wsiter, and on dilating to 
100 c.c., acidifying with acetic acid, and adding a slight excess 
of ammonia, only a trace of alumina should be precipitated. 
44ie addition of ammonium oxalate and ammonium sulphide 
must produce no reaction. 

Silicic Acid, Chlorides.— Aii under “ Potassium Hydrate, 
pure by Alcohol.” 

Nitric /IcicL— As under ” Potassium Hydrate, puriss.” 

Sulphuric Acid.—[Vhc solution (1 : 20) acidified with hydro- 
chloric acid should only show a slight turbidity on adding 
barium chloride, so that the solution appears transparent when 
placed in a test tube of 2 c.m. diameter. 

Carbonic Acid.— An under ” Sodium Hydrate, pure from 
Sodium.” 

Boracic Add.— See note under ” Commercial Varieties.” 

Quantitative Estimation. 

As under ” Sodium Hydrate, pure.” 


* See also note under “ Normal Alkali Solution,” p. 240. 
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Uses. 

For the same purposes as potassium hydrate. 

Commercial Varieties. 

Gerlach found well -crystallised commercial caustic soda to 
contain 88’96 per cent. Sampk's arc often obtained which con- 
tain large quantities of sulphates and chlorides, and the author 
has analysed samples labelled “ pure by alcohol ” the acidified 
solutions of which showed strong sulphuric acid and chlorine 
reactions, and which wcrii no better than the third variety. 
Venable and Callison (J.S.C.T., 1890, p. 9G8) dett'cted the 
presence of boracic acid, and of several samples obtained from 
three different factories not one wiis free from this impurity*. 
According to ITager, the caustic alkali(‘s always contain traces 
of ammonia, absorbed from the atmospberc in the form of 
carbonate. 

3. Sodium Hydrate, pure. 

(NaOH + aq.) 

White crystalline lumps, or thin sticks, giving a clear and 
colourless solution with water. 

Tests for Impurities. 

Nitric and Carbonic Acids— As under “ Potassium Hydrate, 
pure.” 

Iron, Alumina^ Lime.— As under ” Sodium Hydrate, pure by 
Alcohol.” Somewhat more alumina is permitted than in tlu; 
” pure by alcohol.” 

Quantitative Estimation. 

A solution of 20 gins, in 500 c.c. of water is first prepared 
and the total alkali estimated in 50 c.c., using methyl orangii 

* Samples which were bought as clicniically pure, and purified by 
alcohol or baryta, are said to have contained boracic acid, and as tlie 
caustic alkalies, particularly caustic potash, are often used for its 
quantitative estimation, its presence would bo distinctly objection- 
able. It was detected by placing a quantity of the sample in a 
platinum capsule, adding hydrocliloric acid to convert the alkali 
into chloride, and then moistening the salt with very dilute acid 
(1 : 100), adding a few drops tincture of turmeric, and evaporating 
to dryness on the water bath; traces of boracic acid produced a 
cherry-red colour. The flame test was also applied. Iflie authors 
came to the conclusion that the percentage of boracic acid present 
in these samples exceeded O’l ^per cent. 
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as indicator. To estimate the caustic soda present, 100 c.c. 
are drawn off and placed in a 250 c.c. flask along with a suffi- 
ciency of 10 per cent, barium chloride solution, and the solution 
made up to the mark with warm water ; the flask is then stop- 
pered, shaken, and, after allowing the precipitate to settle, 100 
c.c. of the clear solution titrated, using the above indicator. 
The carbonate of sodium is found from the difference between 
the total and caustic alkalies. This method is the one gener- 
ally used; see also “Potassium Hydrate.” Gobcl (J.S.C.I., 
1889, p. 726) recommends another method for caustic alkali in 
presence of carbonate. He adds a drop of phenolphthalein 
(1 : 20 of alcohol), and titrates the cold solution till colourless, 
then adds a drop of Poirrier’s blue (1 : 400 of water) and con- 
tinues the titration till the formation of a dark blue colour, 
ddie number of c.c. used in passing from one end reaction to 
the other represents half of the sodium carbonate present. 
Other methods have been proposed by Phillips and Upward 
(J.C.8., 1886, A., pp. 920, 1071), and Isbert and Venator 
(J.S.C.I., 1888, p. 231). 


Uses. 

For the same purposes as potassium hydrate. 

Commercial Varieties. 

The chief impurity of this quality, as contrasted with the 
purer sorts, consists of about 1 to 2 per cent, of chloride, and 
generally traces of arsenic. 

Sodium Hydrate, Ordinary Commerciai. 

This often contains large quantities of saltpetre, purposely 
added during manufacture to oxidise the sodium sulphide. The 
metal vanadium has also betm detected ; and the water present 
often amounts to 30 per cent., although, in many cases, only a 
few per cent, are present. In this country the total alkalinity 
is expressed in degrees Na^^O, but a maximum of not more than 
2 or 3 per cent, carbonate is guaranteed. In Germany only the 
sodium hydrate present is taken account of, but is expressed 
as carbonate. In France the percentage of free total alkali is 
recorded in degrees Hescroizilles sulphuric acid, generally per 
20 gms. of caustic soda. Tables for converting these degrees, 
and details regarding the analysis of crude caustic soda, arc 
given in such books on the subject as Lunge’s Manufacture of 



CAUSTIC SODA SOLUTION-SODIUM NITRATE. 


291 


Alkali and Sulphuric Acid. J. Watson (J.S.C.L, 1892, p. 322) 
has investigated the variations in the composition of caustic 
soda taken from the same barrel. He tested samples drawn from 
seven barrels and found an average difference of 0’712 per cent, 
in samples drawn from the same barrel, with a maximum of 
1*34 per cent. The variations, therefore, are not very great. 
The portions near the sides of the barrels showed the lowest, 
and those in the middle the highest, percentage. Caustic soda 
for technical purposes is sold with a guaranteed percentage. 


Caustic Soda Solution. 


(a) Liquor Natri caustic, crud. N-free (NaOH + aq). 

Ordinary nitrog('n-frec soda, solution. 

Clear, colourless, or slightly yellow solution. Sp. gr. , LSO, 
containing about 25 per cent. Is'iiOTl. 

The test for nitric acid is performed as under “ Potassium 
C yd rate, puriss.” 

(b) Liquor Natri caustic, pur. N-frce : pure nitrogen-free 
soda solution (NaOTl + aq). 

Clear, colourless liquid. Sp. gr., P30, containing about 27 
per cent. NaOIl. 

It is t(!sted as under “ Sodium Hydrate, pure by alcohol.” 

Lor table of sp. gr. of various strengths of solution, see p. 292. 

Sodium Nitrate. 

Natrium nitric, puriss. (NaNOj). Mol. Wt., 84 89. ^ Colour- 
less crystals, giving a, clear solution with water. Hie salt 
absorbs moisture from the atmosphere. 

Tests for Impurities. 

The tests for solubility, sulphuric acid, etc., arc the same as 
under the potassium salt, p. 248. 

PotaslL— By the flame test. 

. Note.— A i?ood reaseiit for tlie .lotcction of potassium in both the 
nitrate ami nitrite may be prepare,! as follows* :-A solution of 
20 gnis. pure nitrite of soda in 40 to 50 c.c. of wafer, previously 
acidified with a little acetic acid, is added to a solution of 10 gms. 


.t2 


* Gilbert, Zeit. f. angew. Chein., 1894, p. 122. 
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Specific Gravity of Caustic Soda Solutions at 15° (Lunge). 


6p. gr. 

"B. 

"Tw. 

Na,0 
per cent. 

NaOII 
per cent. 

l cbm. contains kgms. 

1 Na.jO. 

1 

NaOH. 

1-007 

1 

1*4 

0*47 

0*61 

4 

6 

1-014 

2 

2*8 

0*93 

1*20 

9 

12 

1’022 

3 

4*4 

1*55 

2*00 

16 

21 

1-029 

4 

5*8 

2*10 

2*71 

22 

28 

1*036 

5 

7*2 

2*60 

3*35 

27 

35 

i*04r) 

6 

9*0 

3*10 

4*00 

32 

42 

1*002 

7 

10*4 

3*60 

4*64 

38 

49 

1*060 

8 

12*0 

4*10 

5*29 

43 

56 

1*067 

9 

13*4 

4*55 

5*87 

49 

63 

1-075 

10 

15*0 

5*08 

6*55 

55 

70 

1*083 

11 

16*6 

5*67 

7-;n 

61 

79 

1*091 

12 

18*2 

6*20 

8*00 

68 

87 

1*100 

13 

20*0 

6*73 

8*68 

74 

95 

1*108 

14 

21*6 

7*30 

9*42 

81 

104 

1*116 

15 

23*2 

7*80 

10*06 

87 

112 

1*125 

16 

25*0 

8*50 

10*97 

96 

123 

1*134 

17 

26*8 

9*18 

11*81 

104 

134 

1*142 

18 

28*4 

9*80 

12*64 

112 

144 

1*152 

19 

30*4 

10*50 

13*55 

121 

156 

1*162 

20 

32*4 

11*14 

14*37 

129 

1()7 

1*171 

21 

34*2 

11*73 

15*13 

137 

177 

1*180 

22 

36*0 

12*33 

15*91 

146 

188 

1*190 

23 

38*0 

13*00 

16*77 

155 

200 

1*200 

24 

40*0 

13*70 

17*67 

164 

212 

1*210 

25 

42*0 

14*40 

18*58 

174 

225 

1*220 

26 

44*0 

15*18 

19*58 

185 

239 

1*231 

27 

46*2 

15*96 

20*59 

196 

253 

1*241 

28 

48*2 

16*76 

21*42 

208 

266 

1*252 

29 

50*4 

17*55 

22*64 

220 

283 

1*268 

30 

52*6 

18*35 

23*67 

232 

299 

1*274 

31 

54*8 

19*23 

24*81 

245 

316 

1*285 

32 

57*0 

20*00 

25*80 

257 

332 

1*297 

33 

59*4 

20*80 

26*83 

270 

348 

1*308 

34 

61*6 

21*55 

27*80 

282 

364 

1*320 

35 

64*0 

22 f)t} 

28*83 

295 

381 

1*332 

36 

66*4 

23*20 

29*93 

309 

399 

1*345 

37 

69*0 

24*20 

31*22 

326 

420 

1*357 

38 

71*4 

25*17 

32*47 

342 

441 

1*370 

39 

74*0 

2612 

33*69 

359 

462 

1*383 

40 

76*6 

27*10 

34*96 

375 

483 

1*397 

41 

79*4 

28*10 

36*25 

392 

506 

1*410 

42 

82*0 

29*05 

37*47 

410 

528 

1*424 

43 

84*8 

30*08 

38*80 

428 

553 

1*438 

44 

87*6 

31*00 

39*99 

446 

575 

1*453 

45 

90*6 

32*10 

41*41 

466 

602 

1*468 

46 

93*6 

33*20 

42*83 

487 

629 * 

1*483 

47 

96*6 

34*40 

44*38 

510 

658 

1*498 

48 

99*0 

35*70 

46*15 

535 

691 

1*514 

49 

102*8 

36*90 

47*60 

559 

721 

1*530 

50 

106*0 

38*00 

49*02 

581 

750 


I 
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crystallised acetate of cohalt in 25 c.c. of water. If the mixture be- 
comes turbid owing to the presence of potash or ammonia salt (as 
sometimes happens even with sodium nitrite, puriss.) the solution is 
heated gently and fdtcred; after standing for a few hours, the re- 
agent is ready for use. In the absence of free acid, it is possible to 
detect 0 1 pei cent, of potasli with certainty. In testing soilium 
nitrate, 10 gins, are dissolved by heat in 10 c.c. of water, and to 
1 c.c. of the liltered solution, 1 to 2 drops of the reagent are added; 
in the presence of potassium, the characteristic yellow crystalline 
precipitate of potassio-cobaltic nitrite appears. If the impurity is 
present in very minute quantity, the precipitate forms after stand- 
ing for a time. 


Quantitative Estimation. 

Various methods are enifiloyed for the estimation of nitrogen 
in sodium nitrate (see Sutton’s Vol. Anal., pp. 245, 259). 
WIkui the sample under examination stands the fort'going tests 
and shows freedom from potash salt, a quantitative estimation 
is generally superfluous ; an estimation of the moisture present 
might bo necessary, however, and this may be done by carefully 
heating 5 gms. in a roomy j)latiniim capsule, and noting the 
loss in weight. For the valuation of eonimercial nitrate of 
soda (also the determination of the perchlorate present), see 
Pauli, J.S.C.L, 1897, p. 491; sec also under “Potassium 
Nitrate.” 


Uses and Storage. 

“ Uses,” see p. 249. Owing to its hygroscopic nature, bottles 
containing the salt must have well-fitting stoppers. 


Commercial Varieties. 

The crude salt is also sold, and in the form of blocks (caliche) 
contains from 36 to 60 per cent, pure salt. The quality obtained 
from manure works contains about 95 per cent., and the puri- 
fied nitre up to 99 per cent. Numerous articles have appeared 
of recent years regarding the presence of potash. In many 
instances this reaches several per cent., and in a few cases the 
amount found has been abnormally high. For investigations 
on this point, see Jones, Zeit. f. angew. Chem., 1893, p. 696. 
Alberti and Hempel (Zeit. f. angew. Chem., 1892, No. 4) give 
the following results obtained on analysis of six samples by 
several direct and indirect methods 
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Indirect Methods. 


A. 


By difference. 


(1) 15-83 per cent. N 
= 96-10 „ NaNO, 


Per cent. 
Water ... 2-33 
Insoluble 0-06 
NaCI ... l-2(> 
Na^SO^. . 0-25 

3-90 


(2) 16-84 per cent. N 
= 96-17 „ NaNOa 


Water ... 2-15 
Insoluble 0-11 
NaCl ... 1-18 
NaaSO^, . 0-39 

3-83 


(3) 15-84 per cent. N 
= 96-14 „ NaNO, 


Insoluble 0-12 
NaCI ... 1-17 
NaaSO^. . 0*34 

3-86 


(4) 15-80 per cent. N 
= 95-95 „ NaNO, 


/Water ... 2-35 
Insoluble 0’()9 
NaCI ... 1-29 
NaaSO i. . 0-32 

4-05 


(6) 15*84 per cent. N 
= 96-14 „ NaNO, 


Water ... 2*40 
Insoluble O'lO 
NaCI ... 1-02 
Nha^O^^. . 0-34 

3-86 


(6) 15*65 per cent. N 
= 95-01 „ NaNO, 


/Water ... 3-18 
Insoluble 0-13 
NaCI ... 1-32 
NaabO^,. 0-36 

4-99 


Direct Methods. 


1 1 

c. 1 

D. 1 

E. 

Quartz 

method 

(Maercker- 

Abesser). 

Lunge’s 

Nitrometer. 

Schloesing- 

Grandeau 

(Wagner’s 

modifica- 

tion). 

Ulsch’s 

method. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

15-59N 

15-57N 

15-.54N 

15-55N 

= 94-65 

=94-53 

= 94-35 

=94-41 

NaNO, 

NaNO, 

NaNO, 

NaNO, 

15-64N 

15-61N 

15-63N 

15-62N 

= 94-96 

=94-77 

= 94-90 

= 94-84 

NaNO, 

NaNO, 

NaNO, 

NaNO, 

15-62N 

15-62N 

15-63N 

15-61 N 

=94-84 

= 94*84 

= 94-90 

=94-77 

NaNO, 

NaNO, 

NaNO, 

NaNO, 

15-65N 

15-63N 

15-5e)N 

15-GlN 

=95-02 

=94-90 

= 94-47 

=94-75 

NaNO, 

NaNO, 

NaNO, 

NaNO, 

15-56N 

15-.59N 

15-64N 

15-64N 

= 94-47 

=94-65 

=94-96 

= 94-96 

NaNO, 

NaNO, 

NaNO, 

NaNO, 

15-47N 

15-47N 

15-44N 

15-43N 

=93-93 

=93-93 

=93-74 

=93-68 

NaNO, 

NaNO, 

NaNO, 

NaNO, 


Potassium nitrate, calculated from direct estimation of the 
potash, was found in the following percentages in all the 
&amnles:-(l) 7'21, (2) 4-66, (3) 5-02, (4) 5-47, (5) 511, (6) 
518. 
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Sodium Nitrite. 

Natrium nitrosum, purisa. (NaNOj). Mol. Wt., 68'93, 
Colourless crystals, or thin white sticks, giving a clear solution 
with water, and containing about 99 per cent. NaNOj. 

• 

Tests for Impurities and Quantitative Estimation, 

See “ Potassium Nitrite,” p. 250. Potash may be detected 
by the method given under ” Sodium Nitrate.” 

Uses. 

The salt is chiefly used in organic synthesis, and also for the 
identification of antipyrine. Thiele describes an easy method 
for preparing nitric oxide from sodium nitrite (J.S.C.L, 1889, 
p. 1010). 

Commercial Varieties. 

The commercial preparation can now be obtained in a very 
pure condition, and is used for the manufacture of azo dyes, 
etc., the percentage guaranteed being often as high as 97 or 98 
per cent. Landolt gives the following analysis as representing 
the average composition of commercial samples i-- 

Per cent. 


Sodium nitrite 94 ‘14 

,, nitrate 2 ‘38 

,, sulphate 1'20 

,, chloride O'Ofi 

Insoluble traces 

Water 2 ‘08 


99‘86 

Note. — The water was estimated by heating at the cliloriiie 
and sulphuric acid in the usual way, the total nitrogen by Lunges 
nitrometer, and after deducting the nitrogen equivalent to 94*14 of 
nitrite, what remained was calculated to sodium nitrate (Lunge, 
Zeit. f. angew.* Chem., 1891, p. 633). 


Sodium NItroprusside. 

Natrium nitro-prussic. cryst. (Na4Fc2(CN),o(NO)2,4H20). 
Mol. Wt. , 595-34. Large, ruby-red crystals, giving a clear solu- 
tion with water. 



296 


SODIUM PEROXIDE— SODIUM PHOSPHATE. 


Tests for Impurities. 

Sulphuric Acid.— An aqueous solution (1 : 50) should show 
only a slight turbidity on adding a little hydrochloric acid and 
barium chloride. 

• Quantitative Estimation. 

The general appearance of the salt presents a good guide as 
to its quality ; the crystals ought to have the appearance quoted , 
and be tested for solubility in water, and for sulphuric acid. 
The reaction towards alkaline sulphides must also be observed. 
On adding a few drops of hydrogen sulphide water to a few 
drops of the dilute solution, with a little caustic soda, the well- 
known red colour must appear. Crystals of saltpetre present 
may be detected by the eye, thus rendej’ing a special quantita- 
tive examination unnecessary. 

Uses. 

The compound is used as a* delicate test for hydrogen sulphide 
and alkaline sulphides. Krai (Tdiarm. Centralhallc, 1896, p. 
69; Geisslcr, ibid., p. 90) recommends a paper saturated with 
an aramoniacal solution of the salt instead of the ordinary lead 
paper as a test for hydrogen sulphide. Brunner (J.S.C.I. , 1889, 
p. 920) uses it as a test for caustic alkali and alkaline earths ; see 
also Bela von Bitt6 (J.S.C.I., 1892, p. 846) regarding its use as 
a test for aldehydes, ketones, and other organic compounds. 

Commercial Varieties. 

The crystals are sometimes badly formed, and show a large 
percentage of sulphate. 

Sodium Peroxide. 

Its properties and uses for analytical purposes are described 
under “Hydrogen Peroxide,” p. 127. * 

Sodium Phosphate. 

Natrium phosphoricum, puriss. (Na 2 HP 04 , 12 H 2 O). Mol. 
Wt., 357‘32. Colourless, transparent crystals, giving a clear 
solution with water, and showing a slight alkaline reaction. 
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Tests for Impurities. 

Appearance. —The crystals must be transparent and show no 
sign of efflorescence. 

Arsenic.— gms. are submitted to Marsh’s test, as described 
under “ Sodium Carbonate, chemically pure cryst.,” p. 279. 
The test for heavy metals, etc., is also made with 2 gms., as 
under “Sodium Carbonate.” 

Sulphate and Carbonate. —The aqueous solution (1 : 20) 
must show no effervescence on acidifying with hydrochloric 
acid, and must give no reaction, even after long standing witli 
barium chloride. 

Note.— Geissler (Pharm. Centrallialle, 1803, No. 51), on testing 
with plienolplitlialein, found traces of carbonate in all the coiniocr- 
cial samples. Tlic salt, when free from this impurity, has no effect 
on that indicator, but if as little as OT per cent, carbonate is present 
a red colour appears. 

Chloride.— The aqueous solution after acidifying with nitric 
acid ought only to show a slight opalescence with silver nitrate. 

Nitrate . — 2 grns. arc dissolved in 10 c.c. of water, acidified 
with dilute sulphuric acid, and 1 drop of indigo solution, diluted 
with twice its volume of water, and 10 c.c. concentrated sul- 
phuric acid are added ; the solution must retain its blue colour, 
even after long standing. 

Potash.— By the flame test (see note, “ Sodium Bicarbonate, 
puriss.”). 


Quantitative Estimation. 

A solution of 20 gms. of the salt in a litre of water is pre- 
pared and 10 c.c. to 20 c.c. drawn off, and the phosphoric acid 
estimated in ammoniacal solution with magnesia mix iiie see 
p. 167). After standing twelve hours the precipitate is filtered 
off, washed with dilute ammonia, dried, ignited, and weighs 
as magnesium pyrophosphate. The phosphoric acid may also 
be estimated by standard uranium soluhon. Both methods 
described in books on technical analysis. 


Uses. 

The salt is used for the detection and estimation of magnesia, 
and in the testing of alkaline earths m general ^ 
covery of molybdic acid from its solution, and, when free f om 
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efflorescence, as a standard for uranium solutions. Mohr 
prefers to use microcosmic salt for the last mentioned purpose 
(p. 269), as it does not absorb carbonic acid, and does not 
effloresce. According to Mohr, sodium phosphate shows this 
tendency, even when carefully protected from the atmosphere. 
Mcineke (Chem.-Ztg., 1896, p. 109) found Merck’s preparation 
to be very pure and to show no evidence of having lost water of 
crystallisation ; this reputed disadvantage has therefore been 
rather exaggerated. 


Commercial Varieties. 

These consist of a variety of qualities, the cheaper samples 
often containing considerable quantities of sodium sulphate and 
arsenic. 


Sodium Pyrophosphate. 

Natrium pyrophosphoric. piiriss. (Na^PaOj, IOH 2 O). Mol. 
Wt., 445*24. Colourless, transparent crystals, giving a clear 
solution with water and an alkaline reaction (the normal salt is 
always strongly alkaline towards litmus). 

Tests for Impurities. 

Sodium Phosphate . — Addition of silver nitrate to the solution 
must produce a pure white precipitate, and the filtrate ought 
to be neutral if all the pyrophosphate has been precipitated. 

Note. — Sodium pliospliate gives a yellow precipitate. 

Other Salts . “ Sodium riiosphate,” p. 297. 

Quantitative Estimation. 

A solution of the salt is boiled with nitric acid to convert the 
pyrophosphoric into phosphoric acid, and after rendering alka- 
line with excess of ammonia, the estimation is proceeded with 
as under “ Sodium Phosphate.” 

Uses. 

The salt is used for the electrolytic estimation and separation 
of the metals {Zeit. f. anal. Chern., 1889, p. 581, et seq . ; and 
also J.S.C.I., 1888, p. 401). 
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Commercial Varieties. 

These consist of the ordinary crystal, the pure crystal, and 
the fused preparations ; as they are prepared from sodium phos- 
phate the impurities [)resent are naturally the same as in the 
latter. 


Sodium Sulphate. 

Natrium sulphuric, puriss. (NaoSO.i, lOH^O). Mol. Wt., 
321‘42. Colourless crystals, liable to effloresce, and soluble in 
3 parts cold water. 

Tests for Impurities. 

SohibiJity, Chlorides, Metals, etc.— The solution of 5 gras, in 
c.c. of water must be clear and neutral, and not affected by 
the following reagents : —Silver nitrate, hydrogen sulphide, 
ammonia, sodium phosphate. 

Arsenic.—^ gms. by Marsh’s test, as under “ Sodium Car- 
bonate,” p. 279. 

Quantitative Estimation. 

See ” Sodium Bisulphate,” p. 275. 

Commercial Varieties. 

Ordinary commercial samples may contain the following im- 
purities : — Arsenic, zinc sulphate, magnesium sulphate and 
sodium chloride. 


Sodium Hydrosulphide Solution. 

Natrium hydrosulphurat. puriss. solut. (NaHS + aq). 

A clear, colourless solution, tested and stored like the corre- 
sponding potassium salt. If the preparation is colourless, it is 
sufficiently free from polysulphides. Admixture with acid 
must produce a copious evolution of hydrogen sulphide, but no 
precipitate must form. 

Quantitative Estimation. 

See ” Sodium Sulphide,” p. 300. 

Uses. 

See ” Sodium Sulphide,” p. 300. • 
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Sodium Sulphide. 

Xatrium siilphiirat. puriss. cryst. (NaaS, OHaO). Mol. Wt., 
239’G’2. Yellowish, or slightly brownish-yellow crystals. 

Tests for Impurities. 

The solution must be clear and colourless, and on addition 
of acid no sulphur must be precipitated, only a slight opales- 
cence being permitted. 

Quantitative Estimation. 

Tlu' same method as that given under “ Ammonium Sul- 
phide” may be used. Another method, applicable to all 
sulphur compounds where the sulphur is capable of being con- 
verted into hydrogen sulphide, consists in adding excess of 
standard potassium arseuite to the sodium sulphide solution, 
and then hydrochloric acid, drop by drop, till slightly acid. 
The sulphur is precipitated as arsenic sulphide, and on titrating 
a measured quantity of the clear liquid with standard iodine 
solution, the quantity of arsenite required for combination may 
be found, from which the percentage of sidphur present can bi', 
calculated (see Sutton’s Vol. Anal., p. 329). 

Uses and Storage. 

In qualitative or quantitative analysis either sodium hydro- 
sulphide or sodium sulphide solution may be used for the 
separation of copper sulphide from that of arsenic, antimony or 
tin. A standard solution of sodium sulphide is used volumetri- 
cally for the estimation of co[)per, zinc, and some other metals; 
the pn^paration of this solution, which is used particularly for 
zinc estimations, is as follows GOO c.c. of pure caustic soda 
solution (sp. gr.,ri5) are completely saturated with hydrogen 
sidphide, and more soda solution added until the smell of tbc 
gas can no longer be detected, ddie solution is hnally diluted 
and tested on a zinc solution of known strength, and is gener- 
ally so standardised that 1 c.c. equals ()'005 or O’Ol gm. zinc 
(Schaffner, Zeit. f. angew. Chem., 1892, p. 166). Sodium sul- 
phide, like the ammonium or potassium compound, decomposes 
in contact with the atmosphere, and must therefore be well pro- 
tected. 

Commercial Varieties. 

Crude sodium sulphide is used in the tanning and bleaching 
industries. The commercial preparation is, as a general rule, 
very pure. 
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Sodium Sulphite. 

See Bisulphite,” p. 275. 

Sodium Thiosulphate. 

Natrium hyposulphnros. puriss. : hyposulphite of sorliuin, 
(Na,SA, 5H,0). Mol, Wt./itT'Cl. 

Colourless, transparent crystals. 

Tests for Impurities. 

Sodium Sulpliatr. and Sulphite.— gins, dissolved in about 
50 c.c. of watei’, and oxidised with iodiiu', must not sliow a tur- 
bidity with barium chloride. 

Note.- -'Ill liiakiiij^ a <|iialitativo test even a lar<j;e quantity of 
the salt must fail to f^'ive this reaction. Testinn; directly with bariiini 
chloride is inaccurate, as Freseniiis and Salzer have shown (hat both 
carbonate and sulphate of barium are very soluble in the thiosul- 
phate solution (Meineke, Cliom.-Ztg., 18!)4, p. 33). 

Free AWali. — The solution (1 : 10) must be clear and show 
no red colour, or only a faint tinge, with [dieuolphtlialein. 

Lime.-—lSo turbidity should appear on addition of ammonia 
and ammonium oxalate to the solution (1 : 20). 

Quantitative Estimation. 

A solution of 25 gnus, in a litre of water is made, of wbicdi 
•25 c.c. arc drawn off and titrated with jh iodine solution, with 
starch as indicator, i c.c. equals 0'0247() gin. NaoSoO.j, 511 o( ). 


Uses and Storage. 

The salt is used for the prcjiaration of a decinormal solution 
employed in chlorine and iodine estimations. (1. Topf (J .C.S. , 
1887, A., pp. ()88, 997) has analysed various commercial 
samples, and in nearly every case reports favourably as to their 
purity. Jn conscqumicc of the moisture adhering to the crystals 
only about 98 per cent, is found on titration with iodine, a fact 
^vhich must be taken into account when preparing the deci- 
normal solution. About 1 gm. in excess of the (piantity re- 
quired should always be weighed out, and a litre must contain 
24'764 gms. of the pure salt. Its preparatiou is described in 
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Sutton’s Vol, Anal., p. 130. The solution alters in strength 
through time, especially in presence of light. Eegarding the 
stability of thiosulphate solutions, Salzer has published the fol- 
lowing (J.S.C.T., 1893, p. 182) 

(1) thiosulphate solution, when properly prepared from 
a chemically pure salt and carefully preserved, may be used as a 
standard, so long as no reaction is obtained with barium nitrate 
after addition of iodine solution in slight excess. 

(2) The solution may be kept in an almost perfect state of 
preservation for a long time (five years) by the addition of 0‘2 
per cent, of ammonium carbonate, but will be reliable only 
when different methods giving concordant results have been 
used to find its strength, and so long as no reaction with barium 
nitrate can be detected. 

Sodium Thiosulphate, loo per cent. 

According to Meinekc, loc. cit., a salt, the solution of which 
will show a correct and constant titre, may Ix' prc'pai’ed by 
triturating the almost pure crystals with 9G per cent, alcohol, 
removing the alcohol by washing with absolute alcohol and 
ether, and drying between filter paper; a preparation freed 
from water in this way showf'd, during a period of five years, 
a percentage of from 99‘90 to 99'91 of Na^SoO^, GH.O. 

Commercial Varieties. 

See under “ Uses.” 

Sodium Tungstate, 

Natrium wolframic. puriss. (Na.WO,, 211, A)). Mol. Wt., 

329'3G. Colourless crystals, giving a ck'ar solution with water. 

Tests for Impurities. 

('hloride (md Sulphate.— The solution (1 : 20) is boiled with 
nitric acid, filtered, and to a portion of the filtrate a few drops 
of silver nitrate solution arc added ; only a sliglit turbidity 
should af)pear. Another portion should l)ehave likewise to- 
wards barium chloride. 

Note. Oil the detection of molybdic acid, see Commercial Varie- 
ties.” 

Quantitative Estimation. 

The salt is first of all decomposed with liydrocliloric acid and 
the acid completely driven off at from 120“ to 125“ ; the chloride, 
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thus formed is dissolved in water and filtered ; the tungstic acid 
is then washed with dilute potassium nitrate solution, and after 
removing the latter by washing with water containing nitric 
acid, the tungstic acid may be estimated gravimetrically. 

Uses. 

The salt is used for the preparation of sodium phosphotung- 
state and cadmium boro-tungstate (sec latter, p. 50). 

Commercial Varieties, Tungstic Acid, etc. 

Sodium tungstate is sold in various forms ; the cheap com- 
mercial qualities of low percentage contain generally large 
quantities of the chloride, sulphate and carbonate, the author 
having found a sample to contain 30 |)er cent, of crystallised 
carbonate. The better quality used for analytical pur- 
poses should only show a slight alkaline reaction. Friedhcim, 
Traube, and others (Zeit. f. anorg. Chem., Vol. L, No. T., p. 
76) found molybdic acid present in the commerci;il varieties, 
and particularly in tungstic acid, piiriss. , which contained it in 
every instance. Traube found 10 nor cent, of this impni'ity in 
the commercial tungstic acid. On the detection of the fore- 
going im|)urities, and the preparation of the acid [ibsolutcly 
free from molybdic acid, see Zeit, f. anorg. Chem., loc. cit. 


Starch (Amylum). 

This is a white powder, used for the preparation of the 
ordinary starch solution, for which purpose it is mixed with a 
little cold water to form a paste, and then, while stirring, 100 
parts of boiling water are added. This solution gives a blue 
colour with iodine ; it decomposes on keeping. Foi’ zinc iodide 
solution, see later. 


Starch, Soluble. 

Amylum Solubile. 

This is a white powder, completely soluble in w\ater, pre- 
pared by special treatment of starch with acid. It is used for 
determining the diastatic powder of malt and diastase, and is 
employed for this purpose in the form of a 2 per cent, solution 
in water (see C. J. Lintner, The Brewing Trade Eeview, April, 
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1887, p. 204). Soluble starch must be free from acid, and 
must not reduce Fehling’s solution, or but slightly, as only 
traces of sugar arc permitted. For the preparation of soluble 
starch, see Wroblcwski, J.S.C.I., 1897, p. 1028. 


Sulphanilic Acid. 

Acid. SLilphanilicum cryst. (NHo C 6 H 4 SO 3 H, 2 H 2 O). Mol. 
Wt., 208'61. White, needle-like crystals, difficultly soluble in 
water and quickly efflorescing. One part of the acid is soluble 
in lOf) [)arts of watei* at 10 '^ The crystals are carbonised on 
heating to a tempiu-ature of 280''' to 300^". 

Tests for Impurities and Quantitative Estimation. 

The purity may l)e gauged fi*om general appearance, solu- 
bility in water, and bidiaviour on volatilisation. 

The preparation must Ix' free' fi'om sulphuric acid. On the 
quantitative estimation, see, inter alia, Bockmann, Chem.- 
techii. Untcrsuch., 3rd Fd., Vol. 11., p. 57. 

Uses. 

It is used ill conjunction with naphthylamine sulphate as a 
test for nitrous acid (Peter Griess, J.C.S., 1881, p. 231; Sut- 
ton’s Vol. Anal., p. 136). 


Commercial Varieties. 

The acid, when purchased, shows more or less evidence of 
efflorescence, but is generally pure. 

Sugar. 

Glucose, grape sugar (('eHjoOe), and saccharose, or cam'- 
sugar (Ci 2 H 220 n) are those chiefly used for analytical pur- 
poses. 

I. Grape Sugar, Anhydrous. 

Pure white powder, or fine white crystalline crusts (Soxhlet’s 
grape sugar). 

Tests for Impurities. 

Sohihility, etc . — The solution (1 : 10 ) must be clear and 
colourless, or only show a slight yellow-wine colour, and have 
no action on litmus paper. 
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Sulphates, Chlorides. -The solution (1:20) must show no 
turbidity with either barium or silver nitrate. 

Iteddue.-On igniting 1 gm. in a platinum capsulo no residue 
must remain behind. 

Melting Point. —'146“C. 

Note.— When water is present, tlie sugar melts below 100^. 


Quantitative Estimation. 

The sugar may be determined quantitatively by Pehling’s 
solution (see Sutton’s Vol. Anal. , p. 305, et seqX 

2. Saccharose. 

Colourless crystals, or pure white powder. Its preparation 
is given under “ Fehliiig’s Solution,” p. 101. 

Tests for Impurities. 

As under ” Grape Sugar.” 

Quantitative Estimation. 

As under ” Fehling’s Solution,” or by the polariscope. 
On uses of saccharose, see ” Fehling’s Solution.” 

Commercial Varieties. 

The above refers to chemically pure sugar. Olic commercial 
varieties are exhaustively treated of in Allen’s Comm. Organ. 
Anal. , Vol. 1. , p. 300, et scq. 

Sulphuric Acid. 

Acid, sulphuric, puriss. (HoSOJ. Mol. Wt.,97’82. A clear, 
colourless liquid. Sp. gr., FSl, 

Note. — A commercial acid which shows any turbidity should be 
rejected at once. 

Tests for Impurities. 

Residue.— 10 gras, must not leave any weighable residue on 
evaporation and ignition in a platinum capsule. 

General Appearance.— The acid must be clear and colourless 
and must not give a blue colour with diphenylamine (see 
“ Diphenylamine ”). 

u 
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Note. — The diphenylamine reaction is not confined to nitric acid, 
and may also be obtained in presence of such compounds as potas- 
sium chlorate, potassium permanganate, molybdic acid, and ferric 
sulphate in acid solution, etc. (Rep. d. Chcm.-Ztg., 1887, p. 2.56 ; and 
J.S.C.I., 1885, p. 613). 

According to Lunge (Chem. Industrie, 1888, p. 200; and J.S.C.I., 
1887, p. 679) sulphuric acid containing selenium will also show the 
colour. On the application of the diphenylamine test, see Egger, 
Cheni.-Ztg., 1887, p. 1500, and on the sensitiveness of nitric acid re- 
actions, see Chem. Industrie, 1888, pp. 140, 141. The absence of 
nitrocompounds from sulphuric acid is not only of importance as 
regards the brucine and diphenylamine reactions, but also in test- 
ing for furfurol with naphthol-sulphuric acid. (Furfurol may be 
detected in glycerine, for example, as follows : — 1 c.c, of glycei'ine is 
mixed with 1 c.c. of water, and 2 drops of a 2 per cent. cMiaphthol 
solution in alcohol added, tlien 15 drops of the pure sulphuric acid 
are allowed to imn slowly down the sides of the test tube, in order 
to form a layer below the mixture.) If the acid is not perfectly 
free from nitro-comi)ounds, a green colour appears. 

Seleniinn . — To 2 c.c. of the sample 2 c.c. of hydrochloric 
acid, contain ing a little sodium sulphite, are carefully added so 
as to form a hiyer ; neither a nal nor ti n'ddish preeipitatc 
on heating, must appear. 

Reducing SuhsUmccs . — 60 c.c. of water are added to 15 c.c. 
of the acid, the solution is cooled , and 1 dro[) ol’x^ permanganate 
is added; the solution must remain distinctly red for a few 
minutes. 

Lead. —On mixing the acid xvith five times its vohinie of 
strong alcohol no turbidity must a[)pear, even after long stand- 
ing. 

Other M etals .—10 c.c. of the acid are diluted with water, 
ammonia added in excess, and a few dro{)s of ammonium sul- 
phide and ammonium oxalate; no greenisli colour or turbidity 
must appear. 20 c.c. an*, diluted with 100 c.c. of water; this 
solution must ncitln'r turn brown nor deposit brown flakes on 
standing after passing hydrogen sulphide. 

Note.— Acid containing tin is sometimes found, showing a heavy 
brownish precipitate with hydrogen sulphide; the latler, however, 
will not detect traces of lead. These can be found on testing v.'ith 
alcohol. 

Arsenic.— 20 gms. of arsenic-free zinc are placed in a Marsh 
apparatus of 200 c.c. capacity, and the sulphuric acid, diluted 
with three times its volume of water, added ; no arsenical 
mirror must have appeared after the apparatus has been work- 
ing for half an hour. 
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Note. A chemically |uiro acid, standing the above test, can easily 
l)e obtained, out the author has found several sainiiles of tliis descrip- 
tioii 10 coiitaiu lead and reduce permanganate. It must be observed 
la Marshs test is not reliable in presence of sulpliurous, nitrous 
and nitric acids and in such cases either tlie tin rnetliod, or Hager’s 
lyamato method are preferable (Bbckmann, Chem.-techn Unter- 
such.). 


Aiimionia.~-2 gins, are diluted witli aljont 30 u.c. of water, 
and e.xcess of a solution containing from 3 to I gins, pure 
caustic potash added ; after cooling, 10 or 15 drofis of Ncssler’s 
reagent arc added ; no yellow or liroMiii.sh-rcd colour must 
appear. 

Note. A\. Gintl found 5 per cent, of ammonia in a commercial 
acid, sulpliuric. pnriss. Nesslcr’s test is very relialile, as the aiilhor 
obtained a distinct yellow colour and turbidity on ndding 1 mirni. 
of amnionia to 100 e.e. of acid, and testing as above. "" 

H(do(fahs.- -On diluting 2 gms. to dO (•,.(■. and adding a few 
drops of silver nilrate solution, no precipitate must appear. 


Quantitative Estimation, 

[he sp('cific gravity is estimated by Mohr’s balance ; the per- 
centage may then he found l)y iiu'ans of the following table : - 

Table showing the Spocitic Gravity of iSulplmric Acid at 15^ (Kolb). 


" B . 

Sp. gr. 

100 

so., 

per cent 

parts by wci.ght eo 

11,80., 1 Acid ol 
[per eent.j 00 B. 

itain 

j Acid of 
r.:j 'B. 

A litre contains kgms. 

u/v , tt c-fs ' Acid of : Acid of 

0 

1*000 

0*7 

o 

i 1*2 

1*3 

0*007 

: 0-009 

0-012 

: 0-013 

1 

1*007 

1*5 

]*9 

2*4 

2*8 

0-015 

1 0-019 

0-024 

j 0*028 

2 

1*014 

2*3 

2*8 

3-6 

4*2 

0-023 

! 0-028 

0-036 

0-042 

a 

1*022 

3*1 

3*8 

4*9 

5-7 

0-032 

0-039 

0-050 

0-058 

4 

1*029 

3*9 

4*8 

6*1 

7*2 

0-040 

0-049 

0-063 

0-074 

5 

1*037 

4*7 

5*8 

7*4 

8*7 

0-049 

: o - ot)0 

0-077 

0*090 

6 

1*045 

5*6 

6*8 

8*7 

1 10*2 

0-059 

; 0-071 

0-091 

0*107 

7 

1*052 

6*4 

7*8 

10*0 

11-7 

0 - 0 G 7 

0-082 

0-105 

0*123 

8 

1*060 

7*2 

8*8 

11*3 

131 

0-076 

0-093 

0*120 

0*139 

9 

1*067 

8*0 

9*8 

12*6 

14*6 

0-085 

0-105 

0*134 

0*156 

10 

1*075 

8-8 

10*8 

13*8 

16*1 

()-095 

0-116 , 

0 - 1 48 

0-173 

11 

1*083 

9*7 

11*9 

15*2 

17*8 

0-105 

0-129 i 

0-165 

0-193 

12 

1*091 

10*6 

13*0 

16-7 

19*4 

0-116 

0*142 

0*182 

0-211 

la 

1*100 

11*5 

14*1 

18*1 

21*0 

0-126 

0*155 1 

0-199 

0-231 

14 

1*108 

12*4 

15*2 

19*5 

22*7 

0-.137 

0-168 1 

0-216 

0-251 

15 

1*116 

13*2 

16*2 

20*7 1 

24*2 

0-147 

0-181 1 

0-231 

0-270 

16 

1*125 

14*1 1 

1 

17*3 

22'2 ' 

‘ i . V 8 

0-159 

i 

0-195 1 

1 

1 

0-250 

0-290 


u2 
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100 parts by weight contain 

A litre contains kgms, 

'’B. 

Sp. gr. 

SO., H 3 SO 4 
ier cent.jper cent. 

Aciil of 
60'B. 

Acifl of 
.53 ’B. 

SO;,. 

H..SO 4 . 

Acid of 
(iO'B. 

Acid of 

17 

1-134 

15-1 j 

18-5 

23-7 

27-6 

0-172 

0-210 

0-269 

0-313 

18 

1-142 

16-0 

19-6 

25-1 

29-2 

0-183 

0-224 

0-287 

0-333 

19 

1-152 

17-0 

20-8 

26-6 

310 

0-196 

0-233 

0-306 

0-357 

20 

1-162 

18-0 

22-2 

28-4 

33-1 

0-209 

0-258 

0-330 

0-385 

21 

1-171 

19-0 

23-3 

29-8 

34-8 

0-222 

0-273 

0-349 

0-407 

22 

1-180 

20-0 

24-5 

31-4 

36-6 

0-236 

0-289 

0-370 

0-432 

23 

1-190 

21-1 

25-8 

33-0 

38-5 

0-251 

0-307 

0-393 

0-458 

24 

1-200 

22-1 

27-1 

34-7 

40-5 

0-265 

0-3-25 

0-416 

0-446 

25 

1-210 

23-2 

28-4 

36-4 

42-4 

0-281 

0-344 

0-440 

0-513 

26 

1-220 

24-2 

29-6 

37-9 

44-2 

0-295 

0-361 

0-463 

0-539 

27 

1-231 

25-8 

31-0 

39-7 

46-3 

0-311 

0-382 

0-489 

0-570 

28 

1-241 

26-3 

32-2 

41-2 

48-1 

0-326 

0-400 

0-511 

0-597 

29 

1-252 

27-3 

33-4 

42-8 

49-9 

0-342 

0-418 

()-5:)6 

0-(325 

30 

1-263 

28-3 

34-7 

44-4 

51-8 

0-357 

0-438 

0-561 

0-654 

31 

1-274 

29-4 

36-0 

46-1 

53-7 

0-374 

0-459 

0-587 

0-(384 

32 

1-285 

30-5 

37-4 

47-0 

.55-8 

0-392 

0-481 

0-616 

0-717 

33 

1-297 

31-7 

38-8 

49-7 

57-9 

0-411 

0-503 

0-645 

0-751 

34 

1-308 

32-8 

40-2 

51-1 

60-0 

0-429 

0-526 

0-674 

0-850 

35 

1-320 

33-8 

41-6 

53-3 

62-1 

0-447 

0-549 

0-704 

0-820 

36 

1-332 

35-1 

4;)'0 

55-1 

61-2 

0-468 

0-573 

0-734 

0-856 

37 

1-345 

36-2 

44-4 

5()-9 

66-3 

0-487 

0-597 

0-765 

0-892 

38 

1-357 

37-2 

45-5 

58-3 

07-9 

0-505 

0-617 

0-791 

0-021 

39 

1-370 

38-3 

46-9 

GO-O 

70-0 

0-525 

0-612 

0-822 

0-959 

40 

1-383 

39-5 

48-3 

61-9 

72-1 

0-546 

0-668 

0-85(3 

0-097 

41 

1-397 

40-7 

49-8 

63-8 

74-3 

0-569 

0-696 

0-891 

1-038 

42 

1-410 

41-8 

51-2 

65-6 

76-4 

0-589 

■ 0*722 

0-925 

i-()77 

43 

1-424 

42-9 

52-8 

67-4 

78-5 

0-611 

0*749 

0-960 

1-108 

44 

1-438 

44-1 

54-0 

69-1 

80-6 

0-634 

0*777 

0-994 

1-159 

45 

1-453 

45-2 

i 55-4 

70-9 

82-7 

0-657 

0*805 

1 1-030 

1-202 

46 

1-468 

46-4 

j 56-9 

72-9 

84-1) 

0-681 

0*835 

! 1-070 

1-246 

47 

1-483 

1 47-6 

|5B-3 

74-7 

87-0 

0-700 

0*864 

1-108 

1-290 

48 

1-498 

1 48-7 

i 59-6 

76-3 

89-0 

0-730 

0-893 

1-143 

1-330 

49 

1-514 

1 49-8 

i 61-0 

78-1 

91-0 

0-754 

0*923 

1-182 

1-378 

50 

1-530 

1 51-0 

62-5 

80-0 

93-3 

0-780 

0*956 

1-224 

1-427 

51 

1-540 

52-2 

64-0 

82-0 

95-5 

0-807 

0*990 

1-268 

1-477 

52 

1-563 

53-5 

1 65-5 

83-9 

97-8 

0-836 

1-024 

1-311 

1-529 

53 

1-580 

54-9 

67-0 

85-8 

100-0 

0-867 

1-059 

1-355 

1-580 

54 

1-597 

50-0 

! 08-6 

87-8 

102-4 

0-894 

1-095 

1-402 

l-(336 

55 

1-615 

57-1 

700 

89-() 

104-5 

0-922 

1-131 

1-447 

1-688 

56 

1-634 

58-4 

71-6 

91-7 

106-9 

0-954 

1-170 

1-499 

1-747 

57 

1-652 

59-7 

73*2 

93-7 

109-2 

0-986 

1-210 

1-548 

1-804 

58 

1-672 

61-0 

74.7 

95-7 

Ul-5 

1-019 

1-248 

1-599 

1-863 

69 

1-691 

62-4 

76-4 

97-8 

ill4-0 

1-055 

1-292 

1-654 

1-928 

60 

1-711 

63-8 

78-1 

100-0 

116-6 

1-092 

1-336 

1-711 

1-995 

61 

1-732 

65-2 

79-0 

102-3 

119-2 

1-129 

1-384 

1-772 

2-005 

62 

1-753 

66-7 

81-7 

104-6 

121-9 

1-169 

1-432 

1-838 

2-137 

63 

1-774 

68-7 

84-1 

107-7 

125-5 

1-219 

1-492 

1-911 

2-2-26 

64 

1-796 

70-6 

86-5 

110-8 

129-1 

1-268 

1-554 

1-990 

2-319 

65 

1-819 

73-2 

89-7 

114-8 

138-8 

1-332 

1-632 

2-088 

2 -4 34 

66 

1-842 

81-6 

100-0 

128-0 

149-3 

1-503 

1-842 

2-358 

2-750 
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Tot acids over 90 per ceot., Kolb’s figures are not reliable, 
but the following table by Lunge and Nacf can be taken as 
being correct 

Table showing the Si)ecifie Gravity of highly concentrated Sulphuric 
Acid at 15'^. 


HaSO* 
per cent. 


90 

*90-20 

91 

^ipl-48 

92 

^:92-8a 

oa 

94 

-94-84 

95 


Bp. t;r. 

■B. li 

;i 

.-I ^ 

per cent. ' 

Bp. er. 1 

1-8185 

G5-1 '.| 

*95-97 ‘ 

1-8406 j 

1-8195 

‘l 

96 ! 

1-8406 

1-8241 

65-4 ;1 

97 

1 1-8410 ' 

1-8271 


*97-70 

1-8413 1 

1-8294 

65*6 1 

98 

1-8412 1 

1-81134 

1-8339 

:| 

*98-39 

1 1-8406 1 

65-8 ii 
65-9 j 

*98-66 

99 

i 1-8409 ! 
i 1-840.3 , 

1*8372 

1-8387 


•99-47 

i 1 -8395 ' 

1-8384 

1-8390 

j 66*0 I 

•100-00 

. 

.L 

— - 
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The ligiives iiiarki.'il with an asterisk represent actual estima- 
tions ; the others are interiiolaleil. All values piven refer to 
cheinicallv pure acid ; with eommereial riiiahties oi hijjhest eoii- 
centi-iition the specific gravity is greater. The more recen, 
tables by Jiiinge and Isler lor acids of lower concentration are 
also more reliable than those l)y Kolb, and may hi; loiiiid in 
Lunge’s Alkali-makers’ Handbook, p. 100. The acid is cstr- 
matcl liy titration with normal alkali, and the results are 
always given in per cent, by weight. 

Uses, Storage and Normal Sulphuric Acid. 

The pure acid is used tor the detection 
lead and baryta ; also as a solvent lor minerals m the a lalys 
of soils, and lor the dccom,ios,tion of 

According to Tlaat/, (J.S.C.l., im p. Ha an “ fe 

from r. to 8 per cent, of water is said to be he ^ 
drying gases. In forensic analysis a.n acid tree lioni '“^t'l'c is 
:2d in Marsh’s test, and. when free h-i -trogen. is i. o 
the decomposition of the organic 
method. For this purpose a mixture of 

trated and two volumes ^ ’ ,rtsco3 

taken. The concentrated ucid is also i,se_d in microscopical 

analysis (Zeit. f. anal. Chem., < - >, P- u , , ,, 

The acid must be kept in gdass stoppered bott .. 
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Normal Sulphuric Acid.— The solution must contain 48*91 
gms. H2SO4 per litre (see also note under “Normal Alkali,” p. 
2^0). 

In order to prepare the solution, from 52 gms. to 53 gms. of 
the pure acid are diluted to a litre, and the strength found gravi- 
mctrically, or by titration with sodium carbonate, then \vat(U’ 
added until the solution has attained the correct strength. 
Konig dilutes 20 c.c. of the acid with a considerable quantity of 
water, renders slightly alkaline with ammoniki, then slightly 
acid with hydrochloric acid, and linally precipitates with barium 
chloride, and calculates the strength from the weight of barium 
sul|)hate obtained. 

Schaffgotsch, Eckenroth, and Weinig (Zeit. f. anal. Chem., 
1893, p. 450) recommend evaporating down with pure am- 
monia and drying Jind weighing tlie residual ammonium sul- 
phate. The author can also vouch for the simplicity and 
accuracy of this method. The method generally adopted in 
alkali works is to establish the strength on |)m’c anhydrous 
sodium carbonate (see Lunge, Alkali-makers’ Handbook, p. 
168) ; special precautions must be talnui, however, when using 
litmus as indicator (Lcinitzer, J.C.8., 189 J, A., p. 134). 

Commercial Varieties. 

Regarding the impurities sometinu's found in pure commer- 
cial sulphuric acid, sec notes, pp. 306, 307. 

Sulphuric Acid, Commercial. 

The acid may be obtained either in the concentrated form 
(168^ Tw.), or as acid of 144'' Thv. A commercial acid, free 
from arsenic, and also the monohydrate or 100 per cent, acid 
(separated out from the concentrated by freezing), may be 
placed under the above Invading. The chief impurities of the 
commercial acid are Arsenic, hydrochloric acid, lead, iron, 
titanium, nitric oxide, nitrous and nitric acids, selenium, and 
sulphurous anhydride. 

Buchner (J.S.C.l.', 1891, p. 460) found 131 gms. of arsenious 
acid in 100 kilos of a commercial sample, and Dott (Pharm. 
Jour., 1890, p. 475) in a similar instance detected 0*1565 gm. 
in 50 c.c. A good commercial acid ought not to contain more 
than from 0*8 to 4*4 gms. arsenic in 100 kgms. (Chem.-Ztg., 
1891, p. 43). 

The acid is often somewhat opaque. Ri Norrenberg has 
published an article calling attention to the ruddy colour de- 
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vclopcd in crude acid containing nitrous compounds when kept 
in iron vessels, and has ascribed this appearance to the reducing 
action of gradually-formed ferrous sulphate solution on the 
aforesaid compounds, with formation of nitric oxide. An acid 
free from nitrogen never turns red on keeping in iron vessels. 
Details regarding the quantitative estimation of the impurities 
in commercial acid may be found in Lunge’s “ Manufacture of 
Alkali and Sulphuric Acid,” Vol. 1 ., p. \li,et .saa].,and also 
the method of determining the strength by the hydrometer 
(ibid., p. 114 ). According to Lunge, concentrated acids 
ought always to be tested volumctrically, as the impurities 
affect the specihc gravity. 


Sulphuric Acid, Fuming. 

Acid, sulphuric, fumans (H2SO4 + 8O3). Mol. Wt., 177 ’ 68 . 
Viscous liquid, fuming in contact with the atmosphere, some- 
times slightly coloured and not quite transparent. 


Tests for Impurities. 

Nitric Acid. -Yvou) 3 to 4 drops of indigo solution diluted 
with ten times the volume of watei- ar(‘. added to ‘20 gms. of the 
acid, and 20 c.c. of water carefully introduced; the solution 
must remain blue for some time. 

Note.— Fuming (Nordliauseii) sulphuric acid mixed with the ])ure 
acid in tlio proportion of ‘2 to .‘1 is used in tlie Kjchlahl method, a 
blank test being made to prove its freedom from nitrogen. 1 le 
tests for nitric acid under Sulphuric Acid, piiriss.” cannot Ije 
applied in this case. The author has found a commercial sample 
labelled “nitrogen free,” which stood the above test, but uinlm 
ordinary circ inistances such samples quickly deco Ounse from 4. to 
.5 drops indigo solution. In order to prove the relialnhty of this test, 
0-0005 gm. of nitric acid was added to 20 gms. of a commercial 
sample, free from nitrogen ; on applying the lest, 
at once decolourised. According to (larnier ( wp. ( . lem. j g., 
1887, p. U8) the ordinary acid often co.itains annnon.a to avoid 
which he dissolves 1 part of sulphuric anhydride m 3 paits of 
English sulphuric acid. 

other Impurities.— As under “ Sulphtinc Aod, puriss. 

Quantitative Estimation. 

It is chiefly used in dye manufacture, and is 
according to amount of SO3 and H3SO4 presen . or , 

an acid is called a 20 per cent, sample it it contains 20 per • 
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SO3 and 80 per cent. H3SO4. An accurate determination of 
its strength may be made by careful titration (see Lunge, 
Alkali-makers’ Handbook, p. 110). 

Uses and Storage. 

It is used in gas analysis for the absorption of the heavy 
hydrocarbons and for nitrogen estimations by Kjeldahl’s 
method, as already mentioned. It is also used, as well as the 
pure sulphuric anhydride, in organic synthesis (see Btrecker- 
Wislicenus, Organic Chemistry, p. ‘290, trans. by Hodgkinson 
and Greenaway). For gas analysis th(‘ acid must be of such 
strength that on cooling to (CC. ciystals of pyr()siil])lniric acid 
are deposited. It must be very carefully kept in glass-stop- 
pered bottles. 

Commercial Varieties. 

Alkaline sulphates, sulphurous anhydiade, nitric acid, and 
lead are nearly always present. The acid, also knowm as 
“ Oleum,” is sold according to the p(u-centage of 80^ [wcserit, 
and may easily be manufactured to contain Jiny amount of SO:i 
u|) to 100 per cent. A table by Winkler, giving the specific 
gravity and corresponding percentage of SO3, is given in 
Lunge’s ” ■Manufacture of Alkali and Sul[)huric Acid.” The 
acid is simply [)r('pared by adding SO,, to sulphuric acid. Sul- 
phuric anhydride is now sold in cast iron vessels ca])able of 
acting as retorts, so that any (juantity required may be distilled 
over into th(.‘ rnonohydratc. It may also be obtained in small 
glass bottles in a fused condition ready for mixing. 

* Sulphurous Acid. 

Acidum sulphurosum fSOo + aq). A clear, transparent liquid, 
containing 8 per cent. SO2. 

The acid acts as a reducing agent, decolourising iodine solu- 
tion and potassium permanganate, and converting chromic 
acid into chromium oxide with oxidation to sulphuric acid. 

’riie anhydrous (100 per cent.) acid is now prepared on the 
large scale from kiln gases, and is used in sugar factories for 
the purpose of effecting an economy in animal charcoal, and 
also as a bleaching agent in textile industries. The methods 
for its quantitative estimation are given under ” Sodium Bisul- 
phite.” In solution it readily evaporates and oxidises, and 
ought therefore to be well stoppered and kept cool. A con- 
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veiiient method for the preparation of the gas (or laboratory 
purposes is given by G. Neumann, and is as follows Concen- 
tnited sulphuric acid is allowed to act in a Kipp’s apparatus 
upon a mixture of 3 parts of calcium sulphite with 1 part of 
plaster of Paris, the latter being used merely to mould the 
sulphite into suitable cubes. A constant stream of gas lasting 
for tinyt^ honrs, may be obtained from 500 
iiiixturc (J.B.C.L, 18 H 7 , A., p. 709) ^ 

Sulphuretted hydrogen or Hydrogen Sulphide 
Water, 

This may be prepared by the action of liytlrocldoric acid ou 
- «. dphide m Kipp-s apparatus ; the .as is Lshed .Hh tvlT 
-I'd ,s then led into distilled water (which has been thomii.dilv 
>0 led and coolct beloivhand) until the latter is saturated Th!^ 

.1 iution should be bept m small, dark brown |,ottlcs in a cool 
P acc, the bottles beiiin- corked and scaled with parailin It 
s oiild Bine stroll, dy of the ,as (see also „nde/"l,.on ■.Sul- 

d lIpS 1 IS absolutely necessary to have ,ood ventilation in 
oonis where ,t IS bcin, worked with. On ■Jacol.son and 
■1 mins method lor the ehiiiiiiation of iirsenic by means of 
iodine, see a paper by Skraup (J.C.S., 1897, A. il. p PAp 
On the production of pure hydrogen sulphide froni ’ calcium 
liydrosnipliide, si-e Miclihn-, J.O.S., A, J]., p. doo. 


Tannin. 

■to?'oo“"' i acid (CrJl.„0„). Mol. Wt., 

' - .jj. (.Tlistening powder, ‘slightly coloured, and giving a 
clear solution with water and iilisoliite alcohol. 

Tests for Impurities, 

gm. must leave no wcigliable residue ou ignition. 
^oluhlity. 2 gms. in about 10 c.c. of alcohol must give a 
vicar solution, which rnnst not turn turl)id on further addition 
VI 10 c.c. of ether. The aqueous solution should be clear. 

Note.— According to Vulpius (Pharin. Ceiitrnlhalle, N.F., 1894, 
c, p. 710; see also Allen’s Comm. Organ. Anal, Vol. III., Part I., 
'"^l) no commercial sample is absolutely free from gallic acid, and 
ie considers the only trustworthy test for this impurity to be potas- 
^mm cyanide, which gives a red colour in presence of gallic, but no 
leaction with tannic acid. For the estimation and separation of 
lese two acids, see a metliod by Fleck and Dreaper, Zeit. f. anal. 
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Chem., 1895, p. 106; see also J.S.C.L, 1893, p. 412. On the estima- 
tion of sugar ill tanning materials, tannin extracts, etc., see an article 
by von Schroder, liartcl and Schmitz-Dumont (Dingl. Polyt. Jour., 
293, pp. 229-237, 2.52-260). Py this method the tannic acids are 
precipitated in the extracts with load acetate, excess of the latter 
removed with sodium sulphate, and tlie filtrate tested with Fehling’s 
solution. In young oak bark, Ihcse observers found an average of 
2’65 per cent, of sugar, and 10‘52 per cent, of tannin. In inyro- 
balaiis they found O’dr) per cent, of sugar and 30 per cent, of tannin. 


Quantitative Estimation. 

Many methods have been proposed for the estimation of 
tannin, but only those based on the hide powder process have 
found general acceptance. The first step consists in an estima- 
tion of the tannin and extract together ; the former is then pre- 
cipitated with hide powder, and the extract, etc., estimated 
in the filtrate ; the tannin is then found by dillerence. Accord- 
ing to Hammer, if the specific gravity of the extract of a tan- 
ning material is taken beforii and after precipitation and the 
tannin calculated from the difference of the two gravities, the 
estimation is good enough for all practical purf)oses. Hammer 
has 'devised a table to facilitate the working of this method. 
Lowenthal and von Schn’ider titrate the extract with perman- 
ganate, using indigo as indicator, both before and after pre- 
cipitation with hide powder. The gravimetric method, con- 
sisting of an estimation of thii organic residue before and after 
treatment with hide powder, is also very satisfactory. Various 
processes are described in Allen’s Comm, Organ. Anal., Vol. 
III., p. 107, et seq. 

In these estimations it is a matter of great importance that 
only hide powder, which has been thoroughly washed free from 
all soluble organic substances, should be used. According to 
von Schroder the best hide powders, prepared from carefully 
washed skins, are not sufficiently pure for immediate use, but 
must be washed again with water. The present author’s ex- 
periments have proved that a powder prepared from well- 
washed skin may still give from 0*04 gm. to 015 gm. of the 
above substances in 100 gms. of tlie filtrate, even when the skin 
had been carefully washed before grinding. The present author 
has made a number of exiierimcnts both with calf and bullock 
skin; these were first treated with lime, then cleaned and 
washed, thoroughly dried, and finally ground to a more or 
less fine powder. On examination the results already quoted 
were obtained, fully corroborating von Schroder’s statement. 
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In the dyeing and printing industries, where tannin is chiefly 
used, its efficacy as a mordant constitutes the basis of valua- 
tion, instead of a direct assay. Small strips of calico of known 
weight are mordanted with equally strong solutions of the dif- 
ferent tanning materiiils ; they are then fixed with tartar 
emetic and dyed with fuchsine, Victoria green, or malachite 
green, and the strips thus dyed are finally washed with soap. 
If the conditions of tem|)erature and time employed have been 
identical in each cas(‘ the test presents a method of compari- 
son. The better the tannin the bettei- the dyed calico will 
stand the washing, and the firuu- and more intense will be the 
colour after washing free from soap and drying. In calico 
])rinting the test is generally made with Victoria green or mala- 
chite green. 

Uses. 

Tannin is used as a test for iron, and forms insoluble com- 
pounds with alkaloids, albuminates, and other organic sub- 
stances. It is also used as a group reagent for alkaloids. Tlu' 
standard solutions employed for tannin estimations an' tested 
against the purest quality of tannin*. 

Commercial Varieties. 

Tannin of a very good quality may be ol)tained in the form 
of lumps, grain, powder, or as a loose mass. The more expen- 
sive kinds used industrially in large (piantities are also of very 
satisfactory quality. Von Schroder found the light commer- 
cial puriss., when calculated on the dry material (at KXV), to 
contain from 95-20 to 100 per cent., using Hammer’s hide 
powder method. By the same process the better class ol 
commercial samples showed from 83’63 to 9i 99 per cent., cal- 
culated on the dry substance. Tlu' perci'iitage of watei vaiied 
between 10'56 and 16'50 per cent. 


Tartaric Acid. 

Acid, tartaric, puriss. (C.HeO„). Mol. Wt., 119'61 Colour- 
less and odourless crystals, non-liygroscopic, and casi y so u ) e 
in water and alcohol. „ 

'^*'For thi8l^rpose,‘jTH. Vogel (Zeit. f. angew. Chem., 1891 p. 69) 

recommends purifying by repeated recrystallisations ^ > 

and remarks that the tannin must be perfect y ree ron 

organic matter whicli is present in small quan i y ^ ■ 

commercial samples. The author considers us 

useless, as tannin is, as is well known, not a crystalline, but an 

amorphous body. 
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Tests for Impurities. 

Sulphuric and Oxalic Acids, Lime.— An aqueous solution 
(1 : 10) must give no reaction with either sulphate of lime solu- 
tion, barium chloride, or, after adding excess of ammonia, am 
monium oxalate. 

M cfdls.— The aqueous solution must give no reaction with 
hydrogen sulphide, either before or after adding a laycf of 
ammonia. 

Note. — Tlic various coinmercial varieties often contain iron, lead, 
lime, or siiljiluiric acid. Regarding the degree of delicacy of the 
tests given here, and Avhich liave been compiled according to the 
German Pharmacopreia, see Arch. d. Pharm., 1(S87, p. 653; and 
Pharm. Zig., 1894, p. 140. Lead has often been detected in com- 
mercial samples, both combined and in the metallic state. Cuillot 
(J.S.tJ.l., 1892, p. 838) obtained a residue consisting of pieces of 
wood, crystals of calcium sulphate, and metallic lead on dissolving 
one hilogram of a sample in Imiling water. He estimated the lend 
and found it to amount to 0‘06‘2G gm. This inqnirity originates 
from the lead vessels used in the manufacture. For the estimation 
of metallic lead in citric and tartaric acids, M. bucket (J.S.C.I., 
1892, p. 848) dissolves 200 gms. of the sample in three times this 
amount of water, and adds a slight excess of ammonia to make sure 
that any crystallised lead sulphate which may be present is dissolved. 
Aftei’ standing for twenty-four hours the solution is decanted off 
and the residue washed and dissolve<l in nitric acid; the lead is then 
precipitated with sulphuric acid and alcohol. In the solution of 
ammonium citrate or tartrate ihe lead compounds are precipitated 
with hydrogen sulphide, after acidifying with hydrochloric acid. 


Quantitative Estimation. 

A solution of 1 gin. of tlui acid in water is titrated with deci- 
nornial bariiiin hydrate, using phenol phthalein as indicator; 
1 c.c.^0'0075 gni. crystallised tartaric acid. 


Uses and Storage. 

Ihirc tartaric acid, free from lead, is used for forensic inves- 
tigations, and also for the dcRi'ction of potash compounds and 
the estimation of oxide of iron. This latter method is described 
in the Zeit. f. anal. Chem., 1888, p. 146. Hampe (Analyst, 
1891, p. 151) uses a pure acid (free from tin in particular) 
along with nitric acid for the solution of minerals and smelting 
materials for quantitative analysis. 
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Potassium and sodium tartrate or Rochelle salt, is used for 
the preparation of Fehlinj^’s solution (see “('npper Sul- 
phate ”), and is sold in the form of lar^R', pure crystals. 

Solutions of tartaric acid do not keep well, and tlirou'.di time 
develop mould. 

Commercial Varieties. 

See note under “ Tests for Impurities.” 


Test Papers. 

The various test papers are described under the substances 
from which they derive their names, and also under " Indica- 
tors and Test Papers,” pp. 1129—132. 

0/onc paper is described under “ (lold Chloride,” and below, 
under ” Thallous Nitrate.” 

Thallous Nitrate. 

Thallium nitric, puriss. (TIXO.,). Mol. Wt..2();P59. Whib' 
crystals, soluble in about 10 parts of water at the ordinary teni- 
poratiire. A saturated, neutral .solution is used for the separa- 
tion of hydrochloric, hydriodic and liydrohromic aculs. 

ThaUkim Paper (or ozoiu' paper) is soinetinics employed as 
an indicator in the estimation of zinc by titration with sodium 
sulphide, and is. also used for the detection of ozone. It is pn^- 
pared by satupting hlter paper in a 1,0 per cent, solution of 
thallous hydrate. 

Thallous nitrate may be estimated, according to Tsietzki, by 
titration with potassium iodide. 

An accurate gravimetric method, dc'pendiug upon the fireci- 
pitation of the metal as thallous iodide, is described by Bau- 
bigny (J.C.S., 1892, A., p. 238). 

Thioacetic Acid. 

Acidum thioaccticum. (CH.-, COSH). Mol. Wt.,75’88. A 
yellowish liquid, having a pungent smell of acetic acid and 
hydrogen sulphide. Theoretical b.p., 93"".; b.p. of the com- 
uiercial acid, QO""— lOO'". 

The substance dissolves with difficulty in cold water, and is 
used in analysis as a substitute for hydrogen sulphide. For 
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use 10 c.c. are dissolved in a slight excess of ammonia and 
diluted to 30 c.c., and in qualitative tests I’S c.c. to 2 c.c. of 
this solution are used for 1 gm. of the substance. It imme- 
diately precipitates the metals of the second group and also 
arsenites (E. S. Bchill and N. Tarugi, J.S.C.I., 1895, p. 509). 
The acid must be kept in well-stoppercd bottles. 

Note. — According to E. Merck (Annual llcport, 1895, p. 36) a 30 
per cent, solution of the ammonium salt, CH3.C.O (SNII^), is sold 
under the name of Schiff’s reagent, and has a slight smell of am- 
monium sulphide. This solution has been recommended by Scliiff 
and Tarugi {loc. cit., and J.C.S., 1895, A. 11., p. 84) as a subslitutc 
for hydrogen sulphide in qualitative analysis, and particularly in 
forensic work for both tlie qualitative and quantitative determina- 
tion of arsenic, on account of its freedom from that impurity, and 
also because by its use a great deal of the trouble involved in employ- 
ing hydrogen sulphide is avoided. See also a paper on Ammonium 
ditliiocarbonate in her. d. d. pbarra. Ges., 1898, Vol. VIII., p. 228. 


Thymol. 

Thymol iiiiriss. ((’JTJCli,) Mol. Wt., MO'Cfi. 

Coloiirl('ss, lustrous crystals, melting at 5(V', and easily soluble 
in alcohol and ether. It is sometimes used in Aloliseb’s sugar 
test ill place of (i-na])bth(,)1 ; that author also uses it as a test for 
coniferin (J.C.S. , 1887, A.,p. 092). 

A good general appearance and a correct molting point will 
show that the sample is pure. 

• 

Tin. 

Btannum metallic, pur. (Sii). At. Wt., 118‘8(). A soft 
metal of white, silvery ap[)earanee, melting at 23(T’(-. It dis- 
solves in hot hydrochloric acid, forming the protoehloride, and 
is oxidised to hinoxide by concentrated nitric acid. 

Tests for Impurities. 

TIk' general appearance of the metal is usually a good guide 
as to its state of purity ; the purer it is the more it conforms 
in app(‘arance.to the above. dc.scription. The chief impurities 
to ho looked for are lead, iron, zinc, copper, arsenic, and anti- 
mony. A few gnis. of the metal are oxidised by evaporating 
with nitric acid, and the hinoxide formed is digested with a 
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little dilute nitric acid, whereby the lead, zinc, iron and copper 
are all dissolved, and may be tested for in the usual way. 
Arsenic and antimony volatilise on treatinfr the tin with hydro- 
chloric acid, partly as arseniuretted and antimon letted hydro- 
gen, and may be detected by Marsh’s test after adding a few 
drops of platinum bichloride solution. 

Quantitative Estimation. 

The metal may be estimated gi-aviinetrical1y as binoxide 
(SnOo), or volumetrically, after conversion into pi’otocliloride, 
with standard iodine in alhalino solution (see Sutton’s Vol. 
Anal., p. 339). 

Uses. 

A mixture of tin and hydrochloric acid is used as a reducing 
agent in analysis and organic synthesis. 

Note. — A method of pre))ai’ing pure tin powder, free fi'oiii oxide, 
is described by Buchner (J.S.C.h, 1805, p. 277) as follows: — 400 
gins, of tin protocbloride are dissolved in G litres of water, and the 
solution is poured, with constant stirring, into a mixture of G litres 
of water and 4 litres of caustic soda solution (sp. gr. I’.h'l) containing 
GO gins, of pure cyanide of potassium. Sheets of zinc are then 
placed in this mixture, and after live or ten minutes the spongy 
tin is removed and placed in water, and the opcriition continued 
till all the tin has been thus precipitated. A fresh (juantity of tin 
salt and soda solution can then be added, and the reaction continued. 
The spongy metal is then well washed and dried. 

Commercial Varieties. 

The purest commercial tin (Banca tin) comes from the hast 
indies, and contains only traces of impurities. Ihiglish corn 
tin is said to contain only 0‘1 per cent, of impurities, hut 
ihiglish block tin, Saxon and Bohemian tin arc not so |)iirc. 

According to Frcscniiis, Banca tin contains 99’9() to OD’HO 
per cent., whereas crude commercial samples contain often 
only about 91 per cent. B. Kayser found 1'30 per cent, of mer- 
cury in a sample sold as English tin, but really' consisting of 
fused tin refuse (Zeit. f. angew. Cdiem., 1888, No. 7, p. 196). 
^ITie pure metal for analytical purf)oses is sold in the form of 
sticks, pl-ccipitated powder and filings. 

Tin Protochloride. 

Stannum clilorat. cryst. piir. (SnCh, ‘2HoO). Mol. Wt., 
224'01. Colourless crystals, easily soluble in water. 


i 
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Tests for Impurities. 

AlhaJies and Earths.—^ gms. are dissolved in 100 c.c. of 
water, hydrochloric acid added, and the tin precipitated with 
hydrogen sulphide. The filtrate, when evaporated, must leave 
only traces of residue. 

Sulphuric Acid . — The solution (1 : 50) must show no change 
on acidifying with hydrochloric acid and adding barium chloride. 

Ammonia .— ^0 ammonia must be given ol! on heating with 
caustic potash. 

Arseruc. A1 gins, on boiling with 10 c.c. of pure concen- 
trated hydrochloric acid must give a perh'ctly clear and colour- 
less solution (see also Tin rrotochloride Solution ”). 

Quantitative Estimation. 

For the volumetric estimation with iodine in alkaline solu- 
tion, see “Tin.” 

Uses. 

The salt, among other uses, is emj)loy(al foi’ the detection 
of arsenic and mercury. A standard solution of the salt is used 
for tli(' estimation of copper and iron (see Sutton’s Vol. Anal., 
pp. 128, 181, 210); also as an indicator in the volumetric 
estimation of sugar by mercurial solutions. The use of the salt 
as a chemical reagent de|)ends in most cases upon its reducing 
power. 

Commercial Varieties. 

Owing to oxidation thcs(‘ varieties often fail to give a clear 
solution in water, and they am sonudimes adulterated with 
magnesium sulphahn Th(‘ (piality used for commercial pur- 
poses nearly always contains a considerable quantity of sul- 
phuric acid. 


Tin Protochloride Solution. 

Boliitio stanni chlorati. 

Pale yellow, fuming, refractive liquid. Bp. gr. at least 1*900. 
The absence of sulphates and hydrogen sulphide is most im- 
portant when the solution has to be used for the dett'ction of 
arsenic, as sulphurous acid is first formed, and subsequently 
hydrogen sul^ihide. If the latter can be detected by smell , the 
solution is useless as a reagent (Pharm. Ztg., 1896, p. 151), 
and only such preparations as give no reaction with lead paper 
; should be used. 



TROPiEOLIN— TURMERIC PAPER— URANIUM ACETATE. 321 


Tropseolln. 

Trop86olin 00, a yellowish azo colour, changing from orange 
to pink with acids. According to Boas a saturated alcoholic 
solution, or a test paper prepared from the same, may be used 
to detect hydrochloric acid in gastric juice (Pharm. Ztg., 1891, 
p. 392), Begarding the above preparation, and also tropaeolin 
000, which is also used as an indicator, see Cohn, Indicators 
and Test Papers, pp. 168-172, 218. 

Turmeric Paper. 

A yellow paper, coloured a bright sulphur-yellow with acids, 
reddish-brown with alkalies and brown with boracic acid. The 
turmeric root contains two yellow colours, one soluble in water 
and the other in alcohol. The former is not sensitive to alka- 
lies, but the one soluble in alcohol is very sensitive. Turmeric 
paper is therefore rendered far more sensitive if the water 
soluble colour is first extracted from the root by means of a 
large quantity of water, and the root then extracted with alcohol 
for the preparation of the tincture in which the papers are 
dipped. Turmeric paper cannot be used for the carbonates of 
sodium and potassium, but only for caustic alkalies and earths. 
It is one of the most sensitive test papers. On its use, see 
Cohn, Indicators and Test Ikxpers. The method of procedure 
in making a test (see Dieterich, Pharm. Central., 1887, p. 49^ > 
consists in finding its degree of sensitiveness towards caustic 
potash and ammonia ; with the former this ought to be about 
180,000 and towards ammonia about 35,000 (see tables under 
“ Indicators ”). 

Note. — In estimating the degree of sensitiveness of test papers, 
attention may be called to the fact that the strongly diluted solutions 
of sulphuric and hydrocldoric acids, caustic ]')otash and ammonia 
change within a few days, and must always, on that account, be 
freshly prepared. In the preparation of these papers, a dilute solu- 
tion of the pigment must be used, in order to obtain a very sensitive 
reaction. The delicacy may be increased by previously neutralising 
the acid, which every paper contains in more or less degree. The 
paper used for this purpose must be specially manufactured (see 
Dieterich, loc. cit). 


Uranium Acetate. 

Uranium aceticum puriss. ((CoHgOJafUrOa), 2 H 2 O). Mol. 
Wt., 424*56. Yellow salt, soluble in water. 
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The salt is tested in the same way as the nitrate, and is used 
for the same purpose. As it generally contains a little basic 
salt it is necessary to add a little acetic acid on making into 
solution. Impure qualities are sometimes found containing 
soda, sulphuric acid and the proto salt, and are often of poor 
appearance and imperfectly crystallised. 

TeH for the Salt of Sodium or Other Alkalies.— 2 gms. are 
dissolved in 50 c.c. of water, and precipitated in boiling solu- 
tion with ammonia and the solution filtered ; 15 gms. of dilute 
sulphuric acid are now added to the filtrate, and, after evapora- 
ting and igniting, only traces of residue should remain. 

Note. — Most commercial varieties are not pure acetates but the 
double salt of uranium and sodium. 


Uranium Nitrate. 

Uranium nitric, puriss. cryst. ((NOaiafUrOs), 6 H 2 O). Mol. 
Wt., 502'46. Fine large greenish-yellow crystals, easily 
soluble in water. 


Tests for Impurities. 

Sulphuric Acid.— The aqueous solution (1 : 20) must be clear 
and show no turbidity with barium chloride on standing for a 
few minutes. 

Earths.— The solution (1 : 20) must remain clear after add- 
ing ammonia and excess of ammonium carbonate. 

Other Metals.— k solution of 5 gms. in 100 c.c. of water con- 
taining 5 c.c. of hydrochloric acid is heated and hydrogen sul- 
phide passed ; no precipitate must appear. 

Proto Compound.— 1 gm. dissolved in 20 c.c. of water and 
acidified with 1 c.c. of sulphuric acid must give a permanent 
red solution after adding 1 drop of permanganate (1 c.c. = 
0*0056 gm. Fe), and the solution must remain clear. 

Sodium Salt.— Test as under “ Uranium Acetate.” 

Quantitative Estimation. 

Uranium may be estimated by reversing the phosphoric acid 
method, the acid set free from the salt being converted into 
acetic acid by decomposition with sodium acetate, and the solu- 
tion titrated with a standard solution of microcosmic salt (q.v .) ; 
see Mohr’s Titrirmethode, 6 th Ed., p. 489. 
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Vsts and 5torag:e. 

The salt is used for the preparation of the standard solution 
for phosphoric acid estimation (see Sutton’s Vol. Anal., p. 
284, ei seq.). The salts of uranium, whether in dry state or in 
solution, should be kept in well-stoppered bottles protected 
from light. 

Commercial Varieties. 

These often contain sulphates and arsenic, and generally 
soda or ammonium salts. On their analysis, see J. Ivonig, 
Eep. f. anal. Chem., 84, No. 11, p. 161. 

Water, Distilled. 

Aqua distillata. (H^O). Mol. Wt., 17‘96. A clear, neutral 
liquid, without colour, odour, or taste. 


Tests for Impurities. 

The neutrality is tested by means of litmus paper, and for the 
detection of the traces of alkali derived from the glass vessels, 
see “ lodeosin,” p. 140. 

Ammonia . — On adding 1 c.c. of Nessler s reagent to 50 c,c. 
of the water no colour must be produced. 

Note. — Regarding the presence of ammonia, see also “Tests for 
organic substances.” In order to free the water from this impurity, 
sulphuric acid is added before distillation to fix any traces tliat may 
be present. Nitrous and nitric acids on tlie other hand pass over 
into the distillate on acidifying, and to remove these it is necessary 
first of all to distil the water by itself (Bisbu, Hep. d. Chem.-Z.tg., 
1891, p. 264). Regarding the preparation of absolutely pure dis- 
tilled water, see Bremer, Pharm. Wochenschrift, 1894, p 97. Hempel 
and Thiele (Zeit. f. anorg. Chem., Vol. XL, 1896, No. 2, p. 78) 
describe an easy method of obtaining it in large quantities e 
water being used by them in atomic weight determinations. l*^®y 
found that when prepared on the small scale in glass or inne 
xsopper vessels, minute traces of either hydrochloric acid or ammonia 
were always present, whereas when distilled on the large sea ^ ® 

steam boiler fitted with an injector to drive back the condense 
steam, the water through continual circulation became self-pun y- 
ing. The discovery of this method was purely accidental, as the 
boiler was originally used for evaporating the ordinary water 
supply. ^ ^2 


I 
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Nitric Acid.— "With diphenylamine, see p. 91. 

Hydrochloric Acid . — 100 c.c. should give no reaction with 
silver nitrate. 

Sulphuric Acid.— 100 c.c. should give no reaction with 
barium chloride, even on long standing. 

Carbonic Acid . — The water should remain clear on mixing 
with twice its volume of lime water. 

Metals, etc.— The water must give no reaction with hydrogen 
sulphide, ammonium sulphide, ammonia and ammonium 
oxalate. 

Note.— Siedler (Hep. d. Chem.-Ztg., 1895, p. 66) found copper in 
the ordinary commercial samples; this to.st ouglit therefore always 
to be applied. 

Volatility .—100 c.c. must leave no residue on evaporation on 
the water bath. 

Organic Substances . — 100 c.c., to which 1 c.c. of dilute sul- 
phuric acid (1:5) has been added, must not reduce 1 drop of 
permanganate solution (1 :1000), even after boiling for three 
minutes. 

Note. — H. Hremer (Pharm. Wochenschrift, 1894, ]>. 97) draws 
attention to the large amount of impurities often present, and gives 
the following results of four san»})les titrated with permanganate, 
according to tlie method of the German Pharmacopfioia. 


Oxygen u.sed. 

used 

to neutralise 

Ammonia. 

A. 

0-554 mgms. 

- 3*700 c.c. - 

large quantity 

B. 

10-380 „ 

- 4-900 „ - 

free 

C. 

0-080 „ 

- 1*100 „ - 

strong traces 

D. 

0-000 „ 

- 0*000 „ - 

free 


B gave a residue of 36 mgms. per litre on evaporation, consisting 
almost entirely of organic matter. Considering the fact that a 
water which absorbs 2 mgms. of oxygen per litre, would, under 
ordinary circumstances, be condemned as unfit for drinking pur- 
poses, Bremer is right in regarding the limit of 0*7 mgm. oxygen 
absorbed as being too high. Eschbaum (Ber. d. pharm. Ges., Berlin, 
1895, Nos. 7 and 8) detected an oxidising substance which decom- 
posed potassium iodide solution in commercial distilled water. 

Storag^e. 

As the atmosphere is never free from ammonia, carbonic 
acid, and particles of diust containing the spores of algtc and 
other organisms, vessels containing the water ought to be 
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tightly stoppered. On keeping the water readily absorbs traces 
of alkali from the glass (see “ lodeosin,” p. 140). 


Xylidine. 

(CgHoNH^). Mol. Wt., 120-77. 

Commercial xylidine is a mixture of several isomers, but con- 
sists chiefly of metaxylidine (b.p. 2120 and paraxylidine (b.p. 
215°). Witt, Noelting, and Ford have published an article re- 
garding the composition of the commercial substance in Cliem. 
Centralblatt, 1889, p. 243 (also see J.S.tkl., 1889, p. 271), and, 
according to them, it contains 25 per cent, paraxylidine. Ee- 
garding the separation of the isomers by means of sulphurous 
anhydride, see. K. Bornstein, ( 410111 . -Ztg., 1891, p. 682. When 
mixed with acetic acid it forms a very sensitive test for furfurol, 
according to Hugo Schilf (Eep. d. Chem.-Ztg., 1887, p. 83). 


Zinc. 


(a) Zinc, metallic, puriss. 

(Zn). .'\t. Wt., 65'1. A bright, white metal with a slight 
bhiish-grey tint. It is sold in |)OU(k'r, small sticks, or grann- 
la ted. 

Tests for Impurities. 


Amnic.—^O gms. of the zinc are placed in a Marsh apparatus 
of about 200 c.c. capacity, and tln^ evolution of hydrogen sus- 
tained by means of dilute sulphuric acid (1 : 3) until the metal 
is almost all dissolved ; no arsenic reaction must take place 
(luring this operation, which generally lasts several hours. 

Note.— A little platinum bichloride is often added to liasten tlie 
process, Init Thiele considers this object ionablo 
traces of arsenic combining with the platinum (J.8. . < • > P* 


950). 

Iron, Lead, Copper, ctc.-lO gms. in a small bottle fitted 
with an india-rubber valve are dissolved m about fiO c.c. ot 
water and 15 c.c. ol pure concentrated sul|ihunc acid. he 
solution must only contain minute traces, if .my, o ac', 
floccnlent specks of undissolved lead , etc. When tp^metal has 
almost completely dissolved one or two diops o ,nperman 
ganate are added; a distinct red colour must be prod, me. 
(1 c.c.=0'0056 gm. Fe). The quantity taken is therefoie tree 
from iron, or only contains very minute traces, n 
ensure accuracy the sulphuric acid by itself shoii , e i 
with permanganate. 
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Note, (a) — If the zinc and sulphuric acid are really chemically 
pure, they can remain in contact with each other for days together 
without solution ensuing. The author brings about solution, there- 
fore, in a platinum capsule, and pours out the solution before the 
last traces have dissolved ; he then titrates with permanganate as 
above. Further, he considers it necessary to state that if more than 
20 gms. of zinc are used for the arsenic test, solution is very often 
retarded. Since zinc is no longer obtained from electric calaniine, 
which is very free from arsenic, great difficulty is experienced in 
removing larger quantities of arsenic in a really satisfactory way. 

Note, (b) — As a check on the above method, the iron may be deter- 
mined by dissolving 10 gms. of the zinc in dilute hydrochloric acid, 
oxidising the iron with nitric acid, and precipitating with excess of 
ammonia. The brown flocculent precipitate of ferric hydrate is 
then washed with water containing ammonia, and, after drying and 
igniting weighed. 

Sulphur, Vhosphorus, etc.— Gntzeit’s method, which de- 
pends on the action of the hydrogen evolved by acid, on papi'r 
soaked in silver nitrate solution, is used here. See also note's 
under “ Zinc Dust,” and the estimation of carbon and sulphur 
under “ Coinmorcial Varieties.” 

Quantitative Estimation. 

The qualitative tests for iron, arsenic, and lead arc generally 
sufficient wlu'n determining the j)iirity, but an accnriite method 
for their quantitative estimation is given in Fresenius’ Quant. 
Anal. , Vol. II. , p. 286. The results of the examination of tlie 
“ pnriss.” zinc are given on p. 327. 

Uses. 

The metal is used in forensic work for the detection of 
arsenic, and in quantitative analysis for the reduction of ferric 
oxide in solution ; further, for the precipitation of copper from 
its solutions, and for reducing silver chloride. 

Commercial Varieties. 

Samples are often sold as “ piiriss.,” containing considerable 
quantities of iron and lead. 

Note. — Mylius and Fromm have published a paper on experi- 
ments on the preparation of pure zinc. (See J.S.C.I., 1895, p. 867. )• 
According to these authors the purest zinc can be obtained by re- 
peatedly purifying the metal by electrolysis in basic zinc sulphate 
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solution; a metal thus prepared containing at least 99’99 per cent. 
They consider the purest commercial zinc still contains some lead 
cadmium and iron; 100,000 parts of “ puriss." commercial zinc 
were found to contain these impurities in the following proportion : 


Maximum amount of iron - - -36 parts 

Minimum „ „ . . - T4 „ 

Maximum amount of cadmium - -111 

Minimum „ „ - - - 5 

Maximum amount of lead - - - 72 

' " >» 

Minimum „ „ - - - 5 


Regarding the presence of sulpliur and carbon, sec a paper by 
Funk ill J.S.C.I., 189(), p. 200 ; J.C.S., 189G, A. II., p. 274. The 
percentage of carbon is always very small. The estimation of sul- 
phur gave the following results : — 


Source. 

Quantity * 
taken in 
Kins. 

Suljihur 

mgiiis. 

In one 
million 
parts. 

1. Zinc 11 from Kahlbaiuii - 

22 

0-005 

0-23 

2. „ n „ - - - 

22 

0-0048 

0-22 

3. „ „ „ ... 

20 

__ 

— 

(repeatedly fused and liltcred). 

4. Zinc from Trommsilortl’ - 

17 

o-ooi; 

0-18 

5. Zinc, “ absolutely chem. pure,” from 
Merck 

2a 



6. Zinc, specially pure, from Kahlbaiuii • 

24 

•— 

— 

7. Zinc, specially pure, rolled 

22 

0-008 

0-36 

8. Zinc, clectrolytically purified and 
sublimed 

20 

0-002 

0-10 


The methods and apparatus used by Funk arc described in detail 
in the above-mentioned article. Tlie sulphur was detected by the 
very delicate reaction which para-ainido-dimetliylaniline and ferric 
chloride give with hydrogen sulphide (formation of nietliyleiie blue). 

(b) Zinc, Absolutely Free from Arsenic. 

The preparation has a metallic lustre, and is sold both in the 
granulated form, and in the form of small sticks. 

Tests for Impurities. 

Arsenic.— In exactly the same manner as under Zinc 
puriss.” 

Quantitative Estimation. 

No arsenic must be present, and the other impurities are esti- 
mated quantitatively, according to Fresemus, Quant. Anal., 
Vol. II., p. 286. 
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Uses. 

It is used for Marsh’s test. 

Commercial Varieties. 

These sometimes fail to pass Marsh’s test, in spite of their 
label, “ Free from arsenic.” 

The electrolytic zinc is now sold in a very pure state, contain- 
ing as much as 99’9 per cent. The author, on examining a 
sample of this variety, found a considerable quantity of arsenic 
present; another sample showed complete absence of this 
impurity. 

(c) Zinc Dust. 

Zinc, metallic, pulv. 

A fine grey powder, containing about 95 per cent, of zinc. 

Tests for Impurities and Quantitative Estimation. 

The quality is ascertained by estimating the metallic zinc 
present, which may be done, according to Fresenius, by dis- 
solving the zinc dust in dilute sulphuric or hydrochloric acid, 
burning the hydrogen evolved, and weighing the water thus 
formed. K^ich equivalent of water e(juals one equivalent of 
zinc used. 

Drewson’s method is generally used in practice (Fresenius, 
Quant., Anal., Vol. II., p. 289). A very simple method, more 
accurate than the above, is given by Topf (J.C.S., 1887, A., 
pp. 688, 997), and is based on the formation of iodide of zinc 
through the direct combination of the zinc with iodine, the 
latter being in excess in neutral solution. The chromic acid 
method may also be mentioned, and is described by W. Minor 
in J.8.C.I.,1890,p. 1153. 

Uses. 

Zinc dust is used for reducing purposes, as, for instance, in 
the estimation of nitric acid. 

Commercial Varieties. 

The percentage of zinc present varies very considerably. 
Muspratt (Techn. Chemie) gives an analysis of a sample yield- 
ing only 29 per cent. The other chief constituent is oxide of 
zinc. W. Minor (loc. cit.) found 86‘95 per cent, of zinc, 1‘43 
of cadmium, and 0*07 of iron. A. Wagner (J.C.S., 1882, A., 
p. 670) found from 0*11 to 0*12 per cent, of sulphur in one 
sample. Some zinc sticks purchased as chemically pure con- 
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tained 0'004 per cent, of this impurity. For further analyses, 
see Muspratt, loc. cit., Vol. VIL, p. 1242. 

Note. — The sulphur can be estimated by passing the gases evolved 
on dissolving 10 gms. of zinc dust in dilute acid into a solution of a 
cadmium salt, and weighing the cadmium sulphide formed. 

Zinc Chloride. 

Zincurn chloratum, pur. (ZiiCy. Mol. Wt., 135'85. White, 
hygroscopic powder, easily soluble in acidified water and 
alcohol. 

Tests for Impurities. 

Solubility .—Tha solution of 1 part of the salt in 1 part of 
water must be clear, or only slightly turbid, and the flocculent 
precipitate formed by adding 3 parts of alcohol to this solution 
must immediately dissolve on adding i drop of hydrochloric 
acid. 

Note. — It is a well-known fact that the absoliilely neutral salt is 
decomposed on adding water in excess. A precipitate of oxycliloriiie 
forms on adding water to the clear solution (1 : 1), and the solution 
will become clear again on adding a little hydrochloric acid. Any 
sample which does not show this turbidity on treating as above con- 
tains free acid. 

Sulphuric Acid, Foreign Metals, etc, -The aqueous solution 
(1 : 10) must not turn turbid on adding hydrochloric acid and 
barium nitrate, nor be coloured by hydrogen sulphide water. 
A clear solution must be formed on dissolving 1 gm. in 10 c.c. 
of water and 10 c.c. of ammonia, and the addition of hydrogen 
sulphide water must produce a pure white precipitate, the 
filtrate from which must leave no residue on evaporation and 
ignition. 

Note.— The above test is taken from the third German Pharma- 
copoeia. 

Quantitative Estimation. 

For the pure salt the above test affords a sufficient examina- 
tion for purity, but in the case of the crude commercial salt 
used in the dyeing industry as a dehydrating agent, the specific 
gravity of its solution must be taken, and the percentage ot 
ZnCl, calculated therefrom (see Biickmann, Chcm.-techn. 
Untersuch. , 3rd Ed., Vol. II., p. 12). 

Uses and Storage. 

A solution of 1 gm. of the salt in 30 gms. of hydrochloric acid 
and 30 c.c. of water is used by Jorisseu as a reagent for the 
recognition of certain alkaloids. 
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According to Cross and Bevan (Chem. News, Vol. LXIIL, 
p. 66) a solution of zinc chloride in twice its weight of hydro- 
chloric acid forms a good solvent for cellulose. In organic syn- 
thesis it is used for dehydrating purposes. Owing to its highly 
hygroscopic nature, bottles containing the salt must have well- 
fitting stoppers. 

Commercial Varieties. 

Crude zinc chloride may be obtained in the form of grey 
lumps which readily absorb moisture. The pure quality has 
often been found to contain large quantities of sulphate. 

Zinc Iodide. 

Zincum iodatum (ZnlJ. Mol. Wt., 31818. Whitish, 
odourless powder, as easily soluble in water and alcohol as zinc 
chloride. It is tested in the same way as the chloride, and, as it 
is of equally hygroscopic nature, it must be kept in tightly 
stoppered bottles. It is used for the preparation of potassio- 
zinc iodide solution, described on p. 336; also as a group re- 
agent for the alkaloids, and for the preparation of the zinc 
iodide and starch solution, regarding which, see Cohn, “In- 
dicators and Test Papers,’’ p. 172. The latter is a colourless 
and slightly opaque liquid, which must be kept in the dark, 
and which, when diluted with fifty times its volume of water, 
must not show a blue colour on acidifying with dilute sulphuric 
acid. 


Zinc Sulphate. 

Zincum sulphuric, puriss. (ZnS 04 , THaO). Mol. Wt., 
286*65. Perfectly colourless crystals, easily soluble in water. 

Tests for Impurities. 

Solubility. —The aqueous solution (1 : 10) must be clear. 

Iron . — The solution (1 : 20) must give no reaction with potas- 
sium thiocyanate. 

Note. — A zinc sulphate, absolutely free from iron, may be ob- 
tained as follows: — 100 parts of crude arsenic-free sulphuric acid 
are diluted with 300 parts distilled water, and 70 parts of ordinary 
commercial zinc are added to the solution while still hot. The mix-- 
ture is allowed to stand, with frequent stirring, for two days, and 
25 parts of chlorine water are then added. After again stirring 
well, the solution is allowed to settle for half an hour, after which 
1 part of caustic soda solution is added. When the solution has 
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stood for another half-hour, with frequent stirring, it is filtered and 
the salt crystallised out (Pharm. Ztg., 1894, 39, p. 432). 

Other Metals, etc.— As under “ Zinc Chloride,” p. 329. 

Note. — A special test may be made for manganese by heating 
with peroxide of lead and nitric acid. 

Chlorides .—The aqueous solution (1 : 20) must give no re- 
action with silver nitrate. 

Arsenic.— 2 gins, in Marsh’s apparatus (see under ” j^odium 
Carbonate,” p. 320. 

Nitrates.— On colouring a few c.c. of the solution (1 : 10) 
with a drop of indigo solution diluted with twice its volume of 
water, the blue colour must remain after the addition of a few 
c.c. concentrated sulphuric acid. 

Commercial Varieties. 

The commercial zinc sulphate is often very impure, contain- 
ing magnesium sulphate, nitrates, arsenic, iron and manganese ; 
in spite of the presence of considerable quantities of iron it 
sometimes has a fine white appearance. A reddish variety, 
obtained as a by-product in the smelting of manganiferous ores, 
and often containing several per cent, of manganese, may be 
bought from the works. 
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I. Preparation of the Ordinary Reagents/ 

Acetic Acid.—^ee p. 5. 

immorua.— Ammonia of 0‘925 sp. gr. is diluted with 1 . part 
of water, by which means a solution of 0’96 sp. gr. and con- 
taining 10 per cent, of NH 3 is obtained. 

Ammonium Chloride. —1 part of salt in 9 parts of water. 

Ammonium Citrate.— p. 81. 

Ammonium Carbonate.— 1 part dissolved in a mixture of 
3 parts of w'ater and 1 part of ammonia of sp. gr. 0’96. 

Ammonium Oxalate.— 1 part in 19 parts of water. 

Ammonium Sulphide.— ^ee p. 35. 

Aniline colours.— ^ee “Fuchsinc Solution,” etc., p. 333. 

Arsenious Acid, decinormal.— See p. 41. 

Azolitmin, Tincture 0 /.— See p. 42. 

Barium Acetate.—] part in 19 parts of water. 

* Diinnenberger in a pamphlet entitled “ Chemisclie Keagentien 
und lieactionen ” (Zurich, Orell Fiissli, 1894) describes in detail the 
methods of preparing the various reagents named after their 
authors, e./j., Dragendorfi’s reagent, Ehrlich’s reagent, etc. Re- 
agents for microscopical work are described in “ Tabellen zum 
Gebrauclie bei mikroskopischen Arbeiten,” by Behrens, published in 
a second edition by Bruhn, Brunswick, 1892. A work containing 
over 400 special reagents used both in chemical analysis and bac- 
teriology and arranged alphabetically has been published by the 
authors, Ferdinand Jean and G. Mercier, and is entitled, “ Reper- 
toire des Reactifs 8p6ciaux, generalement designes sous leurs 
noms d’auteurs ” (Imprimerie, Edmond Rousset, Paris, 1896). Several 
of these reagents have also been described in the French Edition of 
the present work, entitled ‘‘ Essais de Puret6 des Reactifs chimiques,” 
par C. Krauch, Dr.Sc., Edition Fran9ai8e, annoteepar Julien Delaite, 
Preface par L.L. de Koninck, Dr.8c. This edition is published by 
Marcel, Nierstrasz, Li^ge. 
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Barium Chloride.— 1 part in 20 parts of water. 

Barium Hydrate (Baryta water). — 1 part in 19 parts of water. 

Barium Nitrate.— 1 part in 19 parts of water. 

Bleaching Poicder Solution.— T\m solution must be freshly 
made each time, and is pref)ared by grinding 1 part of the 
powder in a mortar with 9 parts of water, and filtering oil the 
insoluble. * 

Borax Solution, decinormah— See p. 278. 

Bromine Water.— A saturated aqueous solution. See also 
p. 57. 

Calcium Chloride.— I part of the crystallised salt in 9 parts 
of water. 

Calcium Sulphate.— A saturated aqueous solution. 

Carmine Solutions (various).— See pp. 69—71. 

Chlorine Water.— A saturated solution, of a yellowish-green 
colour. 

Cochineal, Tincture of. — See p. 71. 

Cupramrnonium Solution.— p. 90. 

Cuprous Chloride, for gas analysis.— See p. 87, 

Dipher'iylamine Solution.— 92. 

Dobbin's Bcaf/cnt.- See p. 281. 

Fchling's Solution.— p. 101. 

Frohde's Reagemt.—See p. 183. 

Fuchsine, Methylene Blue and other solutions for the detec- 
tion of the tubercle bacillus in sputum (Hueppe, Chem.-Ztg., 
1890, No. 101) :- 

1. The distilled water used for the preparation of these’ solu- 
tions should be. sterilised by boiling, or by steam. 

2. Absolute alcohol, and the 90 per cent, alcohol of the 
Pharmacopoeia are used for the preparation of concentrated 
staining solutions. A 60 per cent, alcohol is also used for some 
purposes. 

3. Carbolic acid, 5 per cent, solution. 

4. Nitric, hydrochloric, and sulphuric acids, diluted with 
water in the proportion of 1 : 10, are used for decolourising. 

5. A solution of 1 gm. of fuchsine in 10 c.c. of absolute 
alcohol and 90 c.c. of 5 per cent, carbolic acid is used for stain- 
ing the tubercle bacillus. The fuchsine is dissolved in the 
alcohol, the carbolic acid added, and the solution filtered, il 
necessary. Prepared in this way, the solution will keep for 
months. 
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6. The following solutions are used for contrast and ground 
staining 

(a) Aqueous Methylene Blue. — A concentrated aqueous solu- 

tion of the colour, which requires to be often renewed and fil- 
tered, or a concentrated alcoholic solution, is added in suffi- 
cient quantity to a siiiall quantity of water to impart a dark 
blue colour. • 

(b) A concentrated alcoholic solution of yellow fluorescein, to 
which methylene blue has been added till saturated. 

(c) Picric Acid-aniline oil. — A saturated solution of picric 
acid in aniline oil is obtained by grinding them together until 
no more picric acid dissolves. After settling, the solution is 
decanted, and for use 2 or 3 drops are added to some pure 
aniline oil. 

For the detection of micro-organisms in water, both fuchsine 
and methylene blue in solution arc used (Pharm. Ztg., 1889, 
p. 37). For this purpose a saturated alcoholic solution is first 
prepared, and then diluted until a layer of 3 e.rn. appears just 
transparent. Pegarding other solutions and reagents for the 
same test, also gelatine meat infusion, see Pharm. Ztg., loc. 
cit., and also note, p. 332. 

Guaiacum, Tincture of. See p. 107. 

?I cematoxyline Solution.See p. 108. 

Hydrochloric Acid, dilute. — 1 part of pure acid (sp. gr. 1T9) 
diluted with 3 parts of water. 

Hydrochloric Acid, normal.— See p. 117. 

Hydrogen, Sulphide Water. — A thoroughly saturated solu- 
tion in water. See p. 313. 

Indigo Solution.See p.l34. 

Indigo-Carmine Solution.See p. 13e5. 

Iodine Solution (solution of iodine in potassium iodide).— A 
few crystals of potassium iodide arc dissolved in water and 
iodine added until the solution is brown (E. Otto). 

Iodine Solution, decinomal.— See p. 138. 

Iron Chloride.— 1 part in 19 parts of water. 

Iron Prototartrate, for the absorption of oxygen, is prepared 
as follows 

Dissolve (a) 40gms. cryst. ferrous sulphate in 100 c.c. of water. 

,, (b)30 ,, Eochellesalt ,, ,, 

,, (c)60 ,, caustic potash ,, ,, 

Mix 1 volume of (a) with 5 volumes of (b), and add to this 
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mixture 1 volume of (c). A solution thus prepared readily 
absorbs oxygen. 

Iron Sulphate. —1 part in 8 parts of water and 1 part of dilute 
sulphuric acid. 

Kieffer’s Reagent.— See p. 91. 

Lacmoid Indicator.— See p. 151. 

Lead Acetate.— 1 part dissolved in 9 parts of water. 

Lime Water.— 1 part of quicklime is slaked, then shaken 
up with about 50 parts of water and allowed to settle for several 
hours. The supernatant liquid is then drawn off, and the re- 
sidue again shaken with 50 c.c. of water, filtered, and the fil- 
trate added to the other solution. 


Litmus, Tincture o/.— Seep. 163. 


Magnesia, Mixture.— Seep. 167. 

Magnesium Sulphate.— 1 part in 9 parts of water. 
Manganese Metaphosphate. — See p. 209. 

Maijers Solution.— See p. 179. 

Mercuric Chloride.— 1 part in 19 parts of water. 

Mercuric Nitrate Solution, for urea estimation.— See p. 178. 
Methylene Blue Solution.— See p. 334. 

Millon's Reagent. —See p. 178. 

Molybdenum Solution.— See p. 182. 

Nessler’s Reagent.— See p. 176. 

Nitric Acid, dilute.— 1 part of the acid, sp. gr. 1’2, is diluted 
with 2 par,ts of water. 

Nitric Acid, normal.— See p. 187. 

Normal Alkaline Solutions.— See p. 240. 

Normal Acid Solutions.— See p. 240. 

Nylander's Reagent.— Seep. 53. 

Oxalic Acid, normal.— See p. 197. 

Palladium Protochloride Solution. See p. 199. 

Phenol Phthalein.—l part is dissolved in 100 parts of dilute 


alcohol. 

Phloroglucin-Vanilin.—See p.205. 

Phospho-Antimonic ^etd.-To 3 volumes of a fairly concen- 
trated aqueous solution of sodium phosphate is added 1 vo ume 
of antimony terchloride (E. Otto). , , . . 

Phospho-Mnlybdic icid.-The pure acid dissolved in water. 

Uses, see p. 206. 
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Phospho -Tung Stic Acid. —To a solution of pure sodium tung- 
state is added a little pure phosphoric acid (E. Otto), or a solu- 
tion of the acid in water may be prepared. Uses, see p. 206. 

PicTO-Carmine.Soc]). 212. 

Platinum Chloride.—] part in 19 parts of water. A concen- 
trated solution is also prepared to equal 5 per cent, of metallic 
platinum. 

Potassium, Bichromate .—1 part in 19 parts of water. 

Potassio-Bismuth Iodide.— This solution is prepared with 
bismuth iodide in the same way as the following cadmium 
iodide. Uses, sec p. 248. 

Potassio-Cadmium /odide.— Cadmium iodide is dissolved in 
a hot, concentrated aqueous solution of potassium iodide, and 
the same volume of the latter as was required for solution, 
added (E. Otto). Uses, see p. 248. 

Potassio-M ercurie /odiV/c.— Mercuric chloride is dissolved in 
water, and enough potassium iodide added to redissolve the 
precipitate at first formed. Uses, see pp. 179, 248. 

Potassio-Zinc Iodide, —Prepared from zinc iodide in the same 
way as the cadmium compound. Uses, see p. 248. 

Potassium Carbonate.—] part in 4 parts of water. 

Potassium Chromate, neutral.— 1 part in 19 parts of water. 

Potassium Ferricyanide.—] part in 19 parts of water. 

Potassium Ferro cyanide . — 1 part in 19 parts of water. 

Potassium Hydrate.— Aqueous solution, 1 : 6. 

Potassium Hydrate, normal.— See p. 240. 

Potassium Iodide.— I part in 9 parts of water. 

Potassium Permanganate Solution.— I part in 1,000 parts of 
water. 

Potassium Permanganate, decinormal.— Sec p. 254. 

Potassium Sulphide.— ^ee pp. 257, 258. 

Potassium Sulphocyanide.—l part in 19 parts of water. 

Pyrogallic Solution, for gas analysis.— See p. 260. 

Silver Nitrate, decinormal— ^ee p. 266. 

Sodium Carbonate.— I part in 4 parts of water. 

Sodium Chloride, decinormal.— See p. 284. 

Sodium Hydrate .—Aqueous solution, 1 : 6. 

Sodium Hydrate, normal.— See p. 287. 

Sodio-Cobaltic Nitrite.— ^co pp. 83, 291. 
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Sodium Hypohroniite.—^ee p. 57. 

Sodio-Palladium Protochloride.— p. 199. 

Sodium Nitroprusside.—^ec p. 296. 

Sodium Phosphate.— 1 part in 9 parts of water. 

Sodium Sulphide.— p. 300. 

Sodium Thiosulphate, decinormal.—See p. 301. 

Starch Solution.— p. 303. 

Sulphuric Acid, normal.— See p. 310. 

Sulphuric Acid, dilute.— A mixture of 5 parts of water with 
1 part of the pure acid. 

Tannic Acid.— I part in 19 parts of water. To be freshly 
prepared each time. 

ThouleVs Solution.— p. 179. 

Tin Chloride Solution.— P or the detection of arsenic by Bet- 
tendorf’s method (Zeits. f. anal. Chem., 1893, p. 604). The 
reap^ent must be free from sulphates, and must be thoroughly 
saturated with hydrochloric acid. Sec p. 116. 

Zinc Iodide and Starch Solution.— p. 330. 

Remarks Res:arding Litmus and Azolitmin. 

According to the investigations of D. K. Brown (Pharrn. 
eTour. and Trans., 1896, 56, p. 181) an average of 4*6 per cent, 
azolitmin was obtained from seven different commercial varie- 
ties of litmus. Two of these samples contained as much as 13 
per cent. 

The amount of insoluble matter varies between 46 and 89*8 
per cent. Azolitmin is a weak acid, soluble in water, and in- 
soluble in alcohol, and a method for its preparation is described 
by the above author. 

Remarks on Molybdic Acid. 

Molybdic acid, among other uses, is employed as a test for 
alcohol and as a colour test for various substances. According 
to E. Merck (J.C.S., 1897, A. II., p. 164) the test for alcohol 
is conducted as follows :— The acid is dissolved by heating with 
concentrated sulphuric acid, and the solution thus prepared is 
poured cautiously into a test tube containing the liquid to be 
tested until it forms a lower layer. During the test the tem- 
perature ought not to rise above 60"^. At the juncture of the two 
liquids a distinct blue ring will appear, increasing in intensity 
according to the quantity of alcohol present. As little as 0 02 



338 


APPENDIX. 


per cent, of ethyl alcohol and 0*2 per cent, of methyl alcohol 
may be detected by this method. 

2 . Preparation of Reagent Solutions according 
to Blochmann. 0 

As the degree of concentration to be observed in preparing 
the above solutions is quite arbitrary, Blochmann (^) has pro- 
posed to adopt stoichiornetrical proportions, and arranges them 
in the following order : — 

Double Normal.— Tha acid and alkaline solutions and the am- 
monium and sodium salts with the exception of disodium phos- 
phate. 

Half -Normal. —The solutions of the precious metals (includ- 
ing mercuric chloride) and barium nitrate. 

iVormaL— All the other reagents. 

In adopting these strengths, equal volumes of the various re- 
agents are equivalent, or, at least, correspond to each other in 
simple proportions. The solutions thus pre))ared arc easier to 
manipulate, and waste of reagent is prevented. Brom the quan- 
tity of the reagent used it is also a simple matter to estimate 
roughly the amount of the substance to be tested for. Beagents 
which do not dissolve in water in stoichiornetrical proportions 
at the ordinary temperature are employed in the form of 
saturated solutions, the word “water” being added, as, for 
example, lime water, bromine water, etc. Oxidising and re- 
ducing agents are so prepared that 1 litre of the solution is 
capable of giving up or absorbing 8 gms. of oxygen. 

Concentrated acid solutions arc either free from water (con- 
centrated sulphuric acid), or exist as saturated solutions (con- 
centrated hydrochloric acid). In the case of nitric acid a mix- 
ture of equal parts of water and the concentrated acid will suf- 
fice. The following table gives the weights to be used of the 
more important reagents 

I. Concentrated Acids. 

Per cent. 

Sp. gr. by weight. 

Hydrochloric acid - IT 60 3T8 about 10 times normal 

Nitric acid - - - 1*305 48T „ 10 „ „ 

Sulphuric acid - - 1*840 96*0 „ 20 „ „ 


(^) J. Konig, “ Untersuchung landwirthschaftlich und gewerblich 
wichtiger Stoffe,” Berlin, 1891. 

(2) R. Blochmann, “ Erste Anleitung zur qualitativen chemischen 
Analyse,'’ Konigsberg, 1890. 
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2. Normal Solutions. 


(a) Double Normal 

(One litre contains twice tlie liydroj^en equivalent in grains 
of tlie substance.) 


Acidfi : — 

Hydrochloric acid - 

Sp. gr. 
1-084 

Per cent, 
by weight. 

7*1 

1 litre contains 

2 TICl - - - 

- 73 

gms- 

Nitric acid - 

1*070 

11*8 

2ilN().,- 

=126 


Sulphuric acid 

1*008 

9*2 

11^80, 

"" 2 

= 98 


Acetic acid - 

1*017 

11*8 

2 - - 

=120 

n 

Oxalic acid - 

1*042 

12*3 

c,n,(),2ii^ 

2 

= 126 


Tartaric acid - 

1*066 

14*1 

2 . . 

-150 

„ 

Alkalies : — 

Caustic potash 

1*085 

10*8 

2 K 110 - - - 

= 112 


Caustic soda - 

1*084 

7*4 

2 Na()lI- - ■ 

= 80 


Ammonia 

0*985 

3*5 

2 NII 3 - - - 

= 34 

„ 

Salts : — 

Ammonium sulphide (^) 

1*000 

6*8 

2 (NH,),S 

2 

- 68 


Ammonium chloride - 

1*082 

10*4 

2 NH^Cl - - 

= 107 


Ammonium carbonate 

1*025 

9*4 

2(N1T4)2CO;j 

= 96 


Sodium Carbonate 

1*105 

9*6 

2 Na.CO, 

2 

= 106 


Sodium acetate 

1*080 

25*2 

2 NaC3n30,„3Il20 

=272 



(b) Normal y 

(One litre contains the hydrogen equivalent in grams of the substance). 


Per cent. 



Sp. gr. 

by weight. 

1 litre contains 


Disodium phosphate (®) 

1*048 

11*4 

Na,Hr(\, 12 H 30 

3 

=119*2 gms. 

Magnesium sulphate 

1*059 

11*6 

MgS(\,7H,0 

2 

= 128*0 „ 

Barium chloride - 

1*088 

11*2 

]laCl2,2H20 

2 

= 122*0 „ 

Calcium chloride - 

1*043 

10*5 

CaCl2,6H20 

2 

= 109*5 „ 

Ferric chloride 

1*038 

5*2 

Fe,CI. . . 

6 

= 54*2 „ 


(^) Half a litre of ammonia is saturated with hydrogen sulphide, 
and then mixed with half a litre of ammonia, sp. gr. 0 985. The 
solution soon turns yellow owing to the formation of polysulphide. 

(^) 80 gms. of commercial ammonium carbonate in a third of a 
litre of ammonia, sp. gr. 0’985, are diluted with water to a litre. 

(®) The hydrogen equivalent calculated to phosphoric acid. 

t2 
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Per cent. 



Sp. gr. 

by weight. 

1 litre contains 


Load acetate - 

1*118 

16*9 

Pb(C,H,0,)„3H,0 

2 

= 189*5 gms. 

Copper sulphate - 

1*075 

11*6 

CuS04,5H30 

2 

= 124*8 „ 

Potassium iodide - 

1*120 

14*8 

KI . - - 

= 166*0 „ 

Potassium chromate 

1*075 

9*0 

K^CrO^ 

”2 

= 97*2 „ 

Potassium ferrocyanide - 

1*060 

10*0 

K^reCy„3H20 

4 

= 105*5 „ 


(c) Semi-Normal — 

(One litre contains lialf the hydrogen equivalent in grams of the 
substance). 

Per cent. 

by weight. 1 litre contains 

Platinum bichloride * - 9’5 ^ . =102'3 gins, (*’) 

Silver nitrate - - - - 8’0 | AgNOj - - == 85‘0 ,, (0 

Mercuric chloride - - - 6*4 4 - - = 67'8 „ 

Barium nitrate - - - 6*2 J . _ ^ 5.2 

3. Oxidising and Reducing Agents. 

(One litre of solution is equivalent to JO, or 8 grams of oxygen). 

Per cent. 

by weight. 1 litre contains 

Potassium bichromate - - 4*7 - - - = 49*2 gins. 

o 

Sodium hypochloride - - 3*7 (*) . . - =- 37’2 „ 

Potassium nitrite - - - 4*2 l^NO^ _ _ _ _ ^ 2-5 „ 

Tin protochloridc - - -10*5 SnCl.^^..,HQO _ -=: 112*5 „ 

4. Saturated Solutions. 

Per cent, 
by weight. 

Hydrogen sulphide water - about 0*48, 8 - - about normal 

Baryta water - - - - „ 3*20,Ba(OH).i - »> I ». 

Lime water - - - - „ 0*70,Ca(OH)5, - »> A » 

Calcium sulphate water - - „ 0*20, CaSO^ - «, A *5 

Bromine water - - - „ 3*20, Br - - >» s >» 

Iodine solution (®) - - - „ 4*50,1 - - ^ 

(^) Equal to about 50 gins, platinum. 

(^) Equal to about 50 gins, silver. 

(^) Equivalent to about four times the quantity of bleaching pow- 
der containing 25 per cent, available chlorine. 

(^) On dissolving 50 gms. of io<line and 75 gms. of potassium 
iodide in about 50 c.o. of water and diluting to a litre, a solution is 
obtained of sp, gr. I'lO and containing 4’5 per cent, by weight of 
iodine. It is equivalent to saturated bromine water. 
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3, Atomic Weights of the Elements. 


(Lothar Meyer, Tlieoretisclic Clieinie, Licpzijx, 1800.) 


Name. 


Symbol. 

Atomic 

weight. 

Name. 

1 

Symbol. 

Atomio 

weight. 

Aluminium 


A1 

27-04 

Nickel ... 


Ni 

58-60 

Antimony 


Sb 

119-60 

Niobium 


Nb 

93-70 

Arsenic ... 


As 

74-90 

Nitrogen 


N 

14-01 

Barium ... 


Ba 

166-90 

Osmium 


Os 

191-00 

Beryllium 


Bo 

9-08 

Oxygen 


0 

15-96 

Jlismuth 


Bi 

207-30 

I'alladium 


Pd 

106-35 

Boron . . . 


B 

10-90 

Phosphorus 


P 

30-96 

Jlrominc 


Br 

79-75 

Platinum 


Pt 

194-30 

Cadmium 


Cd 

111-70 

Potassium 


K 

39-03 

Ciesium... 


Cs 

132-70 

Rhodium 


Rh 

10*2-70 

Calcium 


Ca 

39-91 

Rubidium 


Rb 

85-‘20 

Carbon ... 


C 

11-97 

Ruthenium 


Kw 

101-40 

Cerium ... 


Ce 

139-90 

Scjindium 


Sc 

43-97 

Chlorine 


Cl 

35-37 

Helonimn 


Sc 

78-87 

Chromium 


Cr 

52-45 

Silicon... 


Si 

28-30 

Cobalt ... 


Co 

58-60 

Silver ... 


Ag 

107-66 

Copper ... 
Bluorinc 


Cu 

63-18 

Sodium 


Na 

23-00 


! F 

19-06 

Strontium 


Sr 

87-30 

Gallium... 


Ga 

69-90 

Sulphur 


S 

31-98 

Germanium 

...| 

Ge 

72-30 

Tantalum 


Ta 

182-00 

Gold 

1 

Au 

196-70 

Tellurium 


Te 

125-00 

Hydrogen 


H 

1-00 

Thallium 


Tl 

203-70 

Indium ... 


In 

113-60 

Thorium 


Th 

232-00 

Iridium ... 


Ir 

192-30 

Tin ... 


Sn 

118-80 

Iodine ... 


I 

126-.54 

Titanium 


Ti 1 

48-00 

Iron 

... 

Fe 

55-88 

Tungsten 


W 

183-60 

Lanthanum 


La 

138-00 

Uranium 


U 

239-00 

Lead 


Pb 

206-40 

Vanadium 


V 

51-10 

Lithium 


Li 

7-01 

Ytterbium 


Yb 

172-60 

Magnesium 


Mg 

24-30 

Yttrium 


Y 

88-90 

Manganese 


Mn 

54-80 

Zinc ... 


Zn 

65'10 

Mercury 

Molybdenum 

...* 

Ug 

Mo 

199-80 

95-90 

Zirconium 

i 

I 

Zr 

90-40 


On Reagents and Reactions in General. 

Chemical Reagents include all preparations used for the various 
chemical and microscopical investigations for the identitication of 
the elements and their compounds, and also for distinguishing 
animal and vegetable tissues. They are also employed for < eter- 
mining the chemical constitution and reactions of numerous su 
stances. , „ 

According to tlie chemical significance of the word ‘‘ reaction, all 
substances which produce chemical change ought, sti ictly 
to be classed under the heading of “ Chemical Reagents. 1 he term, 
however, is chieflv used in a limited sense to designate a means or 
identification. The word is not usually applied to substances era- 
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ployed for chemical decompositions on the manufacturing scale. 
The reagents are divided into several groups according to their use 
and method of reaction. Some are employed in the wet and some 
in the dry state, the latter constituting those used under circum- 
stances where the liquid state necessary for chemical action can only 
be attained by means of fusion; the former are used in solution. 
Some dry reagents are also used to promote or facilitate a state of 
fusion, and many are employed in blowpipe analysis. The other 
class includes the various acids, halogens, metals, bases, salts, dyes, 
and indifferent vegetable compounds ; also the ordinary solvents. 

In addition to reagents used for qualitative and quantitative 
analysis, special mention must bo made of those for volumetric 
analysis and ultimate organic analysis, and also those employed 
for the detection of alkaloids, etc., in forensic analysis. The re- 
agents used in microsco})ical investigations form another class. 
Owing to the fact that the same reagents are employed in more than 
one of these classes, it has been considered advisable to avoid con- 
fusion by arranging them alphabetically. 

The term “ Chemical Reaction” is meant to imply the chemical 
decomposition undergone by a substance whereby new molecules are 
formed witli the ])roduction of an entirely new compound and pro- 
perties. As these chemical decompositions owe their origin to some 
more or less violent action produced l)y heat, ligld, electricity, or tlie 
interaction of two chemical compounds, the term, “ reaction,” is a 
very appropriate one. 

In analytical investigations, the power of distinguishing between 
the various reactions depends upon the properties of the products of 
deconqiosition, and the manner in which they appeal to the sense 
of colour, smell, sound, etc. It is often necessary to closely observe 
certain precautions in order to bring about a successful reaction, 
and the author frequently calls attention to these precautions in 
notes, and also gives the degree of concentration necessary for a 
particular reaction. That reactions under certain conditions fail 
to take place is explained by the fact that chemical decomposition 
and formation are controlled by the powers of affinity of the elements 
present, and, in turn, these depend upon the external influences of 
heat, light and degree of concentration under which the two reacting 
substances meet. To this may be added that unless the proper 
degree of concentration be strictly observed, traces of substances 
supposed to be present may not appear, owing to the solubility of 
the precipitate in the solution. It is, therefore, essential to pay 
most particular attention to the time, temperature, and proportions 
given for the various tests. 
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Acetic Acid, 5 

specific gravity table, 6 
use of, in Goklcnborg’s method for 
the estimation of tartaric acid, 

6 

use of, in Adamkiewicz’s test for 
albumen, 7 

Acetic Anhydride, 7 

use of, in the estimation of lano- 
line, 7 

use of, in the acetine method for 
estimation of glycerine, 8 
reagent, Hirschsohn’s, 8 

Acetone, 8 

quantitative estimation of, 9, 18 

Alcohol, Amyl, 9 

use of in milk testing, 10 
Alcohol, Ethyl, 10 

Glascnapp’s modification of Rose’s 
method for fusel oil in, 11 
Borntriiger’s test for acrolein and 
fusel oil in, 11 

various tests for aldehyde in, 12 
L^on Crismer’s method for the 
estimation of water in, 14 
specific gravity table, 15 
for the estimation of boracic acid, 
15 

purification of, 16 

Alcohol (spirits of wine and methy- 
lated spirit), 16, 17 

Alcohol, Methyl, 17 

use of, in the detection of salicylic 
acid, 18 

use of, in the estimation of boracic 
acid, 18 

specification for the commercial, 
19 

Aldehyde, tests for, 12, 93, 261, 266 

Alkaloid Reagents, 179, 248, 335- 
337 

Aluminium, 19 

use of, in the estimation of nitric 
acid, 21 

as a reducing agent, 21, 22 
presence of sodium in, 22, 23 
, amalgam, 22 

Ammonia, Anhydrous, 31 


Ammonium Carbonate, 23 

estimation of commercial, 24 

Ammonium Chloride, 25 

as a standard for the estimation 
of acids, etc., 26 

Ammonium Fluoride, 26 
Ammonium Hydrate, 27 

Ost’s test for empyreumatic sub- 
stances in, 28 

Bernbeck’s test for tar products 
in, 28 

specific gravity table, 30 

Ammonium Molybdate, 31 

detection of phosphoric acid in, 31 

Ammonium Nitrate, 32 
Ammonium Oxalate, 32 

as a standard for permanganate 
solutions, 33 

Ammonium Phosphate, 33 
Ammonium Picrocarminate, 70, 


212 

Ammonium Sulphate, 34 

use of, in the separation of albu- 
minoids, 35 

Ammonium Sulphide Solution, 


as a test for hydrocyanic acid, 36 
preparation of, 36 

Ammonium Sulphocyanide, 37 

as a test for iron, etc., 38 
uses of, in volumetric analysis, 38 

Aniline, 38 

use of, in the estimation of nitrous 
acid, 39 

as a test for furfurol, amyl alcohol 
and aldedyde, 12, 14, 39 
colour reactions of, with essential 
oils, 39 

as a test for chloroform, chloral, 
etc., 39 

as a test for woody fibre, 39 
use of, in microscopy, 39 
commercial varieties of, 39 


Vnlline Salts, 39 , 

Aniline Colour5 and Staining 

70 10'^ 107 179-181. 


333, 334 

Appendix, 332 



344 


INDEX. 


Arsenic, Marsh’s test described, 113, 
279, 306, 325 

other tests for, 113-116, 144 
Arsenious Anhydride, 40 

detection of sulphide in, 40 
preparation of pure Jfrom com- 
mercial, 41 

Atomic Weights of the elements, 

341 

Azolitmin, 41, 337 

paper, 42 
tincture, 42 

Barium Acetate, 43 
Barium Carbonate, 43 

native ^Witherite), 44 
Barium Cnioride, 45 

preparation of absolutely pure, 45 
Barium Hydrate, 46 

preparation of absolutely pure, 47 
analysis of a commercial, 47 
Barium Nitrate, 47 

preparation of absolutely pure, 48 
Barium Oxalate, 48 
preparation of pure, 48 
Barium Peroxide, 127 
Barium Sulphide, 48 

use of, in the preparation of pure 
hydrogen sulphide, 49 
Benzene, (Benzol) 49 

tests for thiophene in, 49, 50, 51 
test for carbon bisulphide in, 50 
Bismuth, 51 

analyses of, 51, 52 
Bismuth Hydrate, 53 
Bismuth Protonitrate, 52 

use of, in the preparation of Ny- 
lander’s re-agent, 53 
Bleaching Powder, 54 
in cubes, 54 

solution, preparation of, 333 
use of, for the detection of aniline, 
54 

use of, in the preparation of 
oxygen, 54 

Boas’ Reagent, 321 
Bone Black, 75 
Borax (Sodium borate), 277 
Bdttger’s Ozone paper 106 
Bromchloroform, 57 
Bromine, 55 

quantitative estimation of chlor- 
ine in, 56 

gaseous, use of, in analysis, 57 
Bromine Water, preparation of, 57. 
333 

Brucine, 57 

use of, in the estimation of nitric 
acid, 58 

Cadmium, 58 * 

for testing gold, 59 

Cadmium borotungstate solution, 


I Cadmium ibdide, <59 
j Calcined Magnesia, 168 
Calcium Carbonate, 60 

test for alkalies in, 60 

Calcium Chloride, 61 

varieties of, 62 

Calcium Orthoplumbate, 157 
Calcium Oxide, from marble, 62 
prepared from calcium nitrate, 63 
distinction between commercial 
varieties of, 63 
from Iceland spar, 63 
Calcium Phosphate (dicalcium 
phosphate), 64 
preparation of, 65 

Calcium Superphosphate (diacid), 
65 

preparation of, 65 

Calcium Phosphate, neutral (tri- 
calcium phosphate), 65 
preparation of, 65 
Calcium Sulphate, 66 

solution, as a test for barium, 

^ strontium, and oxalic acid, 66 
Calcium Sulphide, 66 
preparation of, 66 
Cane Sugar, 304 
Caliche, 293 

Caramel, standard solution of, 74 
Carbo Fuchsine, preparation of, 
333 

Carbo Sanguinis, 75 
j Carbolic Acid (Phenol), 201 
Carbon Dioxide, 67 
Carbon Disulphide, 67 
explosions of, 68 
Carbon Tetrachloride, 68 
Carmine, 69 

colorimetric estimation of, 69 
staining solutions, 69, 70, 212 
adulteration of, 71 
analyses of genuine samples of, 72 

Carmine Paper, red, 71 
blue, 136 

Carminic Acid, 72 

colorimetric estimation of, 69, 72 
Caustic Alkali, detection and esti- 
mation of, in alkaline carbonates, 
225, 239, 281 

Cellulose, Cuprammonium Hy- 
droxide, a solvent for, 90 
Charcoal, Animal, 73 

tests for sugar and calcium sul- 
phide in, 75 

determination of decolourising 
power of, 74 

(bone black and blood charcoal), 
75 

Chloric Acid, 75 
Chlorine, 76 
Chlorine Water, 77 

prepared from liquid chlorine, 77 
Chloroform, 77 
purification of, 78 
varieties of, 78 
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Chrome, orange, 157 
red, 157 
yellow, 157 

Chromic Anhydride, 79 

various uses of, in analysis, 80 
for microscopical work, 80 

Citric Acid, 81 

Citrate Solutions for phosphoric 
acid estimation, 81, 82 
Cobalt Acetate, 83 
Cobalt Nitrate, 82 
Cobalt and Nickel, methods for the 
separation of, 82 

Cochineal (indicator and paper). 83 
determination of colouring capa- 
city of. 73 

Congo Red, 83 

paper, 84 

Copperas (commercial iron sulphate), 
149 ’ 

Copper, 84 I 

analyses of commercial, 84 
preparation of pure metallic, 84 
preparation of electrolytic, 85 
Copper Ammonium Chloride, 85 
Copper Potassium Chloride, pre- 
paration of, 86 

Copper Solutions for the estimation | 
of carbon in iron, 85, 86 
Copper Hydrate, 89 
Copper Oxide, powder, 88 
wire and granulated, 89 
Copper Sulphate, 90 

use of, in the precipitation of 
iodine, 91 
anhydrous, 91 

Cream of Tartar (potassium 
bitartrate), 220 

Cuprammonium Hydroxide, 90 
Cupric Chloride, 86 

anhydrous, 87 

Cuprous Chloride, 87 

solutions for gas analysis, 87 

Djazoresorcin, 151 
Dilodofluorescein, 140 
Dimethyl Para-phenylene-dia- 
mine, 174 
Diphenylamlne, 91 
solution, 92 

test as applied to sulphuric acid. 
306 

Dobbin’s Reagent, preparation of 


^J^ythrosln (lodeosin), 140 
fcther, tests for alcohol in, 94, 95 
precautions to be taken in working 
with, 95 

formation of hydrogen peroxide in, 
96 

purification of, 97 

various tests for water in, 94, 97, 98 

tests for alcohol in, 94, 95 


Ether, Ethyl, 92 

free from water, distilled over 
sodium, 97 

Ether Petroleum, 98 

test for benzol in, 99, 100 
presence of “ hydrocarbon ” in, 100 
purification of, 50 
Eugenol (eugenic acid), 100 

Felilinx’s Solution, and other 

copper solutions for sugar esti- 
mation, 101 

precautions in making alkaline 
tartrate for, 102 

Fluorescein - methylene Blue, 

preparation of, 334 

Formaldehyde, 102 
Formalin and Formal, 103 
Fothergill Hydrobromic Acid, 

Frohde’s Reagent, 183 
Fuclisine, 103 
carbo, 333 
acid, 104 
Furfurol, 104 

Gallein, 104 
(iailic Acid, 105 
Glass, presence of arsenic in, 144 
solubility of, in various solutions, 
113, 140, 163, 167, 323, 325 
Glucose, 62, 304 
(iold Chloride, 105 
Gold Salts, analysis of, 106 
Grenat, 104 
(irape Sugar, 107, 304 
Guaiacum, tincture of, 107 

tincture of, as a test for blood, 107 
tincture of, as a test for ozone, 
107 

Giinzberg’s Reagent, 205 
Gypsum, 66 

Hatmatein, 108 

ammonium salt of, 108 

Htematoxyline, 107 

paper, 108 

staining solution, 108 

Hoffman’s Reagent, 178 
Hydriodic Acid, 108 

specific gravity table, 109 

use of, in lead sulphate analysis, 

no 

Hydrobromic Acid, 110 

specific gravity table, 111 
use of, in the estimation of sul- 
phur, 111 
Fothcrgill, 111 
Hydrochloric Acid*, 112 

presence of organic chlorides, tin, 
etc., in, 117, 120 
normal solution of, 117 
specific gravity tables, 118, 119 
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Hydrochloric Acid, commercial, 120 
commercial, estimation of arsenic 
in, 120 

arsenic free, 120 
Hydrofluoric Acid, 121 

estimation of silicoliuoric in, 122 
as a bactericide, 122 
corrosive action of, on the materials 
for storing, 122, 123 
Hydrofluosilicic Acid, 123 
specific gravity table, 124 
use of, in the separation of lime 
and baryta, 124 
Hydrogen Peroxide, 124 
crystallisable, 126 
tests for, in ether, 93, 94 
Hydrogen Sulphide Water, 313 
Hydroxylamine Hydrochloride, 
128 

as a reducing agent, 128 


Iceland Spar, 61 

Indicators and Test Papers, 129 

tables of sensitiveness of, 129—131 
Indigo, 132 

solution, standard, 134 
valuation of commercial, 133 
varieties of, 134 
Indigo Carmine, 134 

standard solution of, for tannin 
estimation, 135 
varieties of, 136 
Indigotin, 132 

preparation of indigo solution 
from, 132 

lodeosin (Krythrosin), 140 

Iodic Acid, 141 

as a test for morphine, 141 

Iodic Anhydride, 141 
Iodine, 136 

decinormal solution of, 138 
separation of chlorine, bromine 
and, 138 

various uses of, 139 
puriss, for iodometry, 140 

Iodoform Test for Alcohol, 95 
Iridium Tetrachloride, 141 
Iron, 142 

wire (flower wire), 142, 147 
powder, reduced by hydrogen, 142 
powder, ordinary, 143 
prototartrate solution for oxygen 
absorption, 334 

titration of ferrous, 147, 148, 253 

Iron Ammonium Sulphate, 146 

preparation of, in powder form. 
147 

Iron Chloride (Ferric), 143 

arsenic in, 144 

Iron Chloride (Ferrous), 145 
Iron Sulphate, 148 
Iron Sulphide, 149 

arsenic in, 149 I 


Jorissen’s Reagent, 329 


Keiffer’s Reagent, 91 
Knap’s Standard Mercuric 
Cyanide, 179 

Laemoid (and Diazoresorcin), 150 
Laemoid Paper, 152 
Lactic Acid, 152 

as a solvent for albuminoids, 153 
Lead, 153 

free from silver, 153 
other varieties of, 154 
Lead Acetate, 154 
Lead Paper, 155 
Lead Carbonate (Basic), 155 
Lead Chromate, 156 

estimation of chromic acid in, 156 
presence of carbonic acid in, 158 
commercial varieties, 157 
adulterations of, 157, 158 
Lead Oxide, 158 
litharge, 159 
red lead, 160 
Lead Peroxide, 160 

manganese in, 160 

Lead Subacetate, 162 
Lime Water, preparation of, 335 

Litharge, 159 
Litmus, 162 

tincture, 163 

paper, blue, red and neutral, IGl 

Logwood Indicator, 108 

Magnesia Mixture, 167 
Magnesium, 164 
amalgam, 165 
presence of arsenic in, 164 

Magnesium Carbonate, 165 

heavy, 166, 

Magnesium Chloride, 166 
Magnesium Oxide (Calcined Mag- 
nesia), 168 

free from sulphuric acid, 169 

Magnesium Sulphate, 169 
Manganous Chloride, 170 

use of, in the estimation of oxy- 
gen, 170 

Manganese Dioxide, 170 

valuation of, 171 

use of, in the manufacture of 
bleaching powder, etc., 171 

Manganese Metaphosphate, 172, 
209 

Manganese Sulphate, 172 

use of, in the estimation of oxy- 
gen, 173 

Mayer’s Solution, 179 
Meta-diamido-benzene, 173 
Meta-phenylene-diamine hydro- 
chloride, 173 

as a test for nitrates, etc., 174 
preparation of the reagent, 174 
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Meta- phosphoric Acid, 209 
Mercury, 174 
Mercury, Bichloride, 175 
Mercuric Nitrate Solution, stan- 
dard, 178 

Mercuric Nitroso- nitrate, Solu- 
tion (Millon’s reagent, etc.), 178 
Mercurous Nitrate, 176 
Mercuric Oxide, 177 
modilications of, 177 
Methyl Alcohol, 17 
Methylene Blue, 179 

aqueous, preparation of, 334 
Methyl Orange, 179 

comparative tests with, as indi- 
cator, 180 

Methyl Para-phenylene Diamine 

(di and tetra), 174 

Methyl Violet, IHI 
MIcrocosmic Salt, 269 
Millon’s Reagent, 178 
Molisch’s Sugar Test, 184, 318 
Molybdenum Solution for plios- 
phoric acid estimation, 182, 184 
Molybdic Acid, 181, 337 
free from ammonia, 183 
as a test for alcohol, 337 

a-Naphthol, 184 

a Naphthol-Potash Test, foi cbloro 
form, etc., 184 

Nessler’s Reagent, 176, 185 
Nitric Acid, 185 

test for sulphuric acid in, 185 
normal solution of, 187 
specific gravity tables, 188-193 
fuming, 187 
crude, 194 

table for the correction of the sp. 
gr. of, containing hyponitric 
acid, 194 

estimation of hyponitric in, 194 

Nitroso-i8-Naphthol, 195 

use of, in quantitative analysis, 
195 

o-NItrobenzaldehyde, 195 

Nitrophenol, 196 

Normal Al lilies and Acids, 240 

normal caustic potash, 240 
,, caustic soda, 287 
,, hydrochloric acid, 117 
,, nitric acid, 187 

,, oxalic acid, 197 

,, sulphuric acid, 310 
,, (deci) iodine, 138 
,, (deci) potassium perman- 
ganate, 254 

,, (decil silver nitrate, 266 

, , (deci) sodium chloride, 284 

Nylander and Almen’s Reagent, 

53 


Oil of Cloves, 100, 196 • 

Oleum, 812 


Oxalic Acid, 196 

anhydrous, 197 
normal solution of, 197 

Ozone Paper, 106, 317 


Palladium and its Salts, 198 
Palladium Asbestos, 199 

Black(spongy palladium), 

Palladium Wire, 199 
Palladium en cliaux, 199 
Palladium, estiniiition of, in alkaline 
palliulious chlorides, 199 
Palladium Monoiodide, 138, 198 
Palladium Protochloride, 138, 199 
Palladium Nitrate, 200 
Perchloric Acid, 200 
preparation of, 200 
Petroleum Hther, 98 
Pfugge’s Reagent, 17s 
Phenacetolin, 201 

preparation of, 201 
Phenol (carbolic acid), 201 

Phenol-Sulphonic Acid, prepara 

tion of, 202 

Phenol Plithalein, 202 

preparation of, 203 

Phenyl Hydrazine, 203 

various us(!s of, 203 

Phloroglucin, 203 

presence of diiesorein in, 204 
colour reactions of, 205 

Phospho-antinioilic Acid, prepara- 
tion of, 335 

Phospho-molybdic Acid, 205 

as a reagent for alkahjids, 206 
preparation of, 335 
Phospho-tungstic Acid, 206 
as a reagent for allcMloids, 206 
preparation of, 336 
Phosphoric Acid, 206 

brucine test tor nitric acid in, 207 
specific gravity tabb*, 208 
Phosphoric Acid, Meta, 209 
as a test for aroumen, 209 
analyses of various samples, 210, 
211 

Phosphoric Anhydride, 209 

as a drying agent, 210 
presence of lower oxides in, 210 

Phosphorite, 65 
Picric Acid, 211 

test for mono- and dinitro-phenol 
in, 212 

its liability to explode, 212 
aniline oil, 334 

Plcrocarmine, 212 
Picrocarminate of Ammonia, 70, 

212 

Platinum, 212 

black, 212, 213 
spongy, preparation of, 212 
presence of iridium in, 213, 215 
preparation of very pure, 214 
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Platinum Bichloride, 214 

preparation of PtCl^ from, 214 
use of, in the estimation of potash, 
215 


Platinum Bichloride Solution, 

preparation of, 336 

Potassium Acetate, 215 
Potassium Bicarbonate, 216 

use of, in the preparation of " 
potassimii arsenito, 216 ' ^ 

Potassium Bichromate, 217 

estimation of sulphuric acid in, 217 
various uses of, 218 

Potassium Biniodate, 219 
Potassium Bisulphate, 219 
Potassium and Sodium Tartrate 

(Rochelle salts), 102, 317 

Potassium Bitartrate (cream of 
tartar), 220 

for standardising purposes, 221 
Potassium Bromate, 222 
as an oxidising agent, 222 
Potassium Bromide, 222 

(and bromate), use of, in the esti- 
rnation of carbolic acid, 224 
moisture and chlorides in six sam- 
ples of, 224 

Potassium Carbonate, 224 

caustic alkali in, 225, 239 
analyses of various commercial 
samples, 227 

Potassium Chlorate, 227 

estimation of chloric acid in, 228 
accidents in handling, 228 
presence of lead in, 228 

Potassium Chloride, 229 

for agricultural purposes, 229 
Potassium Chromate, 229 

as an indicator, 230 
use of, in the estimation of 
quinine, 230 

Potassium Cyanide, 230 I 

precautions in handling, 231 ! 

for technical purposes, 232 i 

Potassium Ferricyanide, 232 j 

estimation of, by hydrogen per- ! 

oxide, 232 
various uses of, 234 

Potass^un^^^Ferricyanide Paper, 

Potassium Ferrocyanide, 234 

determination of sulphuric acid 
in, 235 

use of, in the estimation of strych- 
nine, 236 

of, by permanganate. 

Potassium Hydrate, 236 

puris, 237 I' 

test for nitric acid in, 237, 238, 


normal solution of, 240 
pure by alcohol, 241 
ordinary pure, 242 
analyses of, 243 


Potash Solution, Caustic, 243 

specific gravity tables, 244 

Potassium lodate, 243 

standard in iodometry, 139, 

and starch paper, as a test for 
sulphuric acid, 245 
Potassium Iodide, 245 
presence of iodate in, 246 
Potassium Iodide Solutions, 
method of preserving, 247 
Potassio- Iodide of bismuth, 248, 336 
of cadmium, 248, 336 
of mercury, 248, 336 
. of ziiie, 24 h, 336 
Potassium Manganate, 248 
Potassium Nitrate, 248 

presence of perchlorate in, 248 
valuation of, 249 
Potassium Nitrite, 250 

method of removing carbonate 
from, 251 

Potassium Oxalate, neutral, 252 
as a test for quinine, 252 
Potassium Perchlorate, 252 
preparation of, 252 
Potassium Permanganate, 253 
decinormal solution of, 254 
free from sulphuric acid, 255 

Potassium Pyroantimoniate, 

(acid), 255 

Potassium Sulphate, 256 
Potassium Sulphydrate, 257 

solution, 257 

Potassium Sulphide, 257 

preparation of, 257 

solution (mono), preparation of, 

Potassium Sulphocyanide, 258 

paper, 259 

Potassium Tetroxalate, 259 

as a standard in volumetric analv- 
sis, 260 

Pyoktanin, 181 
Pyrogallic Acid, 260 

alkaline solution of, for gas ana- 
lysis, 260 

colour reactions of, 261 

Pyrolusite, 170 • 

Pyrrol, 261 

as a test for lignin, 261 


Reagents, preparation of the 
ordinary, 332 

Reagent Solutions, preparation of, 
according to Blochmann, 338 

Red Lead, 160 

Resazurin, 152 

Residue on evaporation of pure aoids 
and ammonium salts, 185 

Resorcin. 261 

reactions of, with 
pounds, 262 


various com- 
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Resorcin Reagent for nitrous acid, 

263 

Rochelle Salts (potassium and 
sodium tartrate), 102, 317 
Rosolic Acid, 263 
Rubine S. (see Acid fuchsine) 104 

Saccharose, 305 

preparation of pure, 101 

Sachse’s Standard Mercuric 
Iodide, 179 
Salicylic Acid, 263 

as a preservative, 264 

Salicyl-sulphonic Acid, prepara- 
tion of, 264 

Scarlet (see Fuchsine), 104 
Schiffs Reagent (ammonium tliio* 
acetate), 318 

Selenite, 66 
Silver, 264 

lace, for reducing purposes, 264 
preparation of absolutely pure, 

264 

grain, precipitated by copper, 265 
Silver Nitrate, 265 

determination of imparities in, 265 
decinormal solution of, 266 
ammoniacal solution of, as a test 
for aldehydes, 266 
Silver Nitrite, 266 
preparation of, 266 
test of, by Lunge’s method, 251 
Soda Lime, 62 
Sodium, 267 
amalgam, 267 

safe methods of preserving, 268 
Sodium Acetate, 268 

as a test for alkaloids, 269 
Sodio - ammonium Phosphate 
(microcosmic salt), 269 
use of, in standardising uranium 
solutions, 270, 298 
Sodium Bicarbonate, 270 

investigations of the German 
Pharmaceutical Society on, 271 
estimation of luonocarbonato in, 
271 

for the preparation of anhydrous 
carbonate, 273, 281 
estimation of ammonia in, 273 
Sodium Bichromate, 273 
analyses of commercial, 274 
Sodiun Bisulphate, 274 
Sodium Bisulphite, 275 

as a strong reducing agent, 276 
Sodium Borate (Borax), 277 

refined borax, calcined borax and 
borax glass. 278 

as a standard for acid solutions, 
277, 278 

Sodium Bromate, 278 
Sodium Carbonate (pure crystal- 
lised), 278 

preparation of absolutely pure, 
280 


Sodium Carbonate, pure anhydrous, 

anhydrous, test for alkaline 
hydrate in, 28 1 

anhydrous, as a standard in 
acidimetry, 281 

anhydrous, commercial varieties 
of, 282 

crude (soda ash), 282 
Sodium Chloride, 283 
decinormal solution of, 284 
ordinary (common .salt), 284 
ordinary, analyses of various 
samples, 284, 285 
Sodio-Cobaltic Nitrite, 83 
solution, preparation of, 291 
Sodium Fluoride, 285 

estimation of sulphuric acid and 
chlorine in, 286 

composition of commercial, 286 
Sodio-Qold Chloride, 106 
Sodium Hydrate, 287 

pure from sodium, 287 
normal solution of, 287 
pure by alcohol, 288 
presence of bonicic acid in, 289 
ordinary pure, 289 
estimation of, in presence of car- 
bonate, 290 

ordinary commercial, 290 

Soda Solution, Caustic, 291 
specific gravity table, 292 

Sodium Hydrosulphide Solution, 

299 

Sodium Hypobromite Solution, 

for tlie estimation of nitrogen, 57 

Sodium Nitrate, 291 

analyses of commercial, 294 
Sodium Nitrite, 295 

average eoinposition of commer- 
cial, 295 

Sodium Nitroprusside, 295 

various uses of, 296 
Sodium Peroxide, 127, 296 

estimation of mercury salts by, 
176 

Sodium Phosphate, 296 
Sodium Pyrophosphate, 298 

use of, in electrolysis, 298 

Sodium Sulphate, 299 
Sodium Sulphide, 300 

preparation of standard solution 
of, 300 

Sodium Sulphite, 301 
Sodium Thiosulphate, 301 

decinormal solution of, 301 
100 per cent., 302 

Sodium Tungstate, 302 
Starch, 303 

soluble, 303 


r, 304 

•ape, 107, 304 
,ne, 305 

lanilic Acid, 304 

ic of, in nitrous acid tost, 304 
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5ulphocyanide5, test for chlorine in 
presence of, 37 

Sulphuretted Hydrogen, or Hydro- 
gen Sulphide Water, 313 
titration of, by iodine, 149 
Sulphuric Acid, 305 

test for arsenic in, 306 
specific gravity table, 307, 308 
specific gravity table of highly 
concentrated, 309 
normal solution of, 310 
free from nitrogen, 309, 311, 312 
commercial, 310 
fuming, 311 

Sulphuric Anhydride, 312 
Sulphurous Acid, 312 

anhydrous (100 per cent.), 312 
gas, preparation of, 312 

Tannin (tannic acid), 313 
Tannic Acid, separation of, from 
gallic acid, 313 

methods for the estimation of, 
314 

valuation of, as a mordant, 315 

Tartaric Acid, 315 

presence of lead in, 316 
Test Papers, 317 

precautions in testing sensitiveness 
of, 321 

Tetraiodo-fluorescein, 140 
Tetra-Alethyl Para-Phenylene- 
Diamine, 174 
Thallous Nitrate, 317 
Thallium Paper (Ozone Paper), 317 
Thioacetic Acid, 317 
ammonium salt of, 318 
Thoulet’s Solution, 179 
Thymol, 318 
Tin, 318 

powder, pure, preparation of, 319 
commercial varieties of, 319 


Tin Protrochloride, 319 
Tin Protochloride Solution, 116, 
320 

Tropaeolin oo, 321 
Tropffiolin ooo, 321 
Tungstic Acid, 303 
Turmeric Paper, 321 
Turmeric, preparation of the tinc- 
ture, 3-21 


Uranium Acetate, 321 
Uranium Nitrate, 322 


Water, Distilled, 323 

preparation of, 323 
presence of ammonia in, 323 

Weselsky’s Indicator, 151 
Whiting, 61 


Xyiidine, 325 


Zinc, 325 

note on the arsenic test, 326 
note on the determination of iron 
in, 326 

preparation of pure, 326 
quantity of impurities present in 
various samples of, 327 
absolutely free from arsenic, 327 

Zinc Dust, 328 

estimation of sulphur in, 329 
Zinc Chloride, 329 
Zinc Chloride Solution, as a sol- 
vent for cellulose, 330 
Zinc Iodide, 330 

and starch solution, 330 
Zinc Sulphate, 330 

preparation of, free from iron, 330 
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Introductory. Li}j[lit— White Light - The Spectrum The Iiivisihic Spectrum— Norm. i| 
Spectrum— Simple Nature of Pure Spectral Colour— The Recomposition of White Light- 
Primary and Complementary Colours— Coloured Bodies— Absorption Spectra— The Appli^ 
cation of Pij;mentS. I'ses of Pigments: Artistic, Decorative, l^rotcctive- Methods of 
Application of Pigments: I’astels and Crayons, Water Colour, Tempera Painting, Fresco, 
haicaustic Painting, Oil-colour Painting, Kcramic Art, I'aiamcl, Stained and l^ainted (ilass 
Mosaic— inorganic Pigments. White Lead— Zinc White- Fnamel White— Whitening - 
l\’ed Lead— Litharge- Vermilion— Royal Scarlet— The Chromium Greens Chromates of Lead, 
Zinc, Silver and .Mercury — Brunswick Green — The Ochres — Indian Red — Venetian Red • 
Siennas and I’mhers— Light Red Cappagh Brown-Red Oxides— Mars Colours 'I’erre Verte 

- Prussian lirown -Cobalt Colours- Creruleum— Small Copper Pigments— Malachite — 
Bremen Green -Scheele’s Green — Fmerald (irecii Verdigris — Brunswick Green — Non 
arsenical Greens Copper Blues — FItramarine- Carbon l^igments — Ivory Black-Lamp Blacli 

— Bistre — Naples Yellow — Arsenic Suljihides: Orpiment, Realg;ir - Cadmium Yellow— 
Vandyek Brown Organic Pigments. IViissian Blue— Natural Lakes— Cochineal Carmine 

Crimson Lac Dye -Scarlet IMadder— Ali/arin -Campeachy Quercitron- - Rhamnus 
Brazil Wood -Alkanct Simtal Wood -Archil— Coal-tar Lakes Red Lakes- Alizaran Com- 
piiimds -Orange and Yellow Lakes- (ireen and l^lue Lakes Indigo Dragon's Bloud-- 
(jamboge- -Sepia— Indian Yellow, Puree- -Bitumen, Asphaltum, Mummy— Index. 

THE MANUFACTURE OF PAINT. A Practical Handbook 

for Paint Manufacturers, Merchants and Painters. By J. Cruicksmank 
Smith, B.Sc. Second Edition, Revised and Enlarj^ed. Demy 8vo. 
288 pp. 80 Illustrations. Price 10s. 6d. net. (Post free, 10s. lOd. home ; 
11s. yd. abroad.) [Just Published. 

DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OP 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By Groroe H. Hurst, F.C.S. Demy 

8vo. 880 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. (id. abroad.) 

THE MANUFACTURE OF LAKE PIGMENTS PROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I.C., F.C.S. Sixteen Coloured Plates, showing Specimens of 
Eighty-nine Colours, specially prepared from the Recipes given 
in the Book. 136 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s. abroad.) 

THE MANUFACTURE OP MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters’ Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bbrsch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (Lond.). Forty-three Illustrations. 476 pp., demy 
8vo. Price 12s. 6d. net, (Post free, 13s. home; 13s. (id. abroad.) 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 

An Analytical Chemist. Second Revised Edition. 330 pp. Demy 
8vo. Price 10s, 6d. net. (Post free, 11s. home; 11s. 3d. abroad.) 
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PAINTS, COLOURS, ETC.--ro////////^v/. 

OIL COLOURS AND PRINTERS’ INKS. By Louis 

Edgar Andes. Translated from the German. 215 pp. Crown 8vo. 
56 Illustrations. Priee 5s. net. (Post free, 5s. 4d. home ; 5s. Cxi. ahroaii.j 

MODERN PRINTING INKS. A Practical Handhooh for 

Pnntinj^ Ink Maniifaeturers and Printers. By Ar.i HED Seymour, 
Demy Svo. Si.x Illustrations. 90 paj;es. ih'icc 5s. net. (Post free, 
5s. 4d. home ; 5s. 6d. abroad.) ’ 


Contents. 


Introduction. — Division of Lahour— A Si-parate Imliislry Choice of IMalcrials -Slillfuf 
Alatiipiilahon-Somo Important Factors- The .Medium- -Ink and Ciilonr Mixing - A dustiUca- 
tion. Linseed Oil. --Hxtraction of the Oil Classification - .Mcclumu al I’urification - - 
Adulteration Boiled Oil --iVeparation of Boiled Oil -An Alternative IVocess. Varnish.-- 

A Vehicle and Kssential Component A Reference to i.itho^raphy- Baltic Oil Freparali'on 

of Varnish The Modern Method -An Old Ari>timent -Letterpress Varnish- ,\ Cheaper 
Medium -A Suj.'j'estive Recipe Fire Risks— (Jradations of \'arnish. Dry Colours. -A 
Recommendation .An Bndless Variety of Materials tiiarlh Colours .Mineral Cokuirs- 
Siibstrates— Toning Earth Colours -Physical Characteristics --Colourin)t Power Brilliance— 
Purity of Tone— Permanence. Dry Colours Blacks. Whites, Yellows Lamphlack- 
Proccssof Manufacture- Calcinati >n— Carbon l^lack Acetylene Black -A Simple Test- Lead 
and Zinc Whites- -White Earth Colours Yellows - Yellow Ochrcs-Mineral Yellows. Dry 
Colours— Reds, Browns. —Classiliealion of Reds -Genuine Vermilions Prep.iration - 
Imitation Vermilions -Umber, Raw and Burnt- Sienna, ILau and Burnt. Blues, (Irecns.-- 
Ultramarine Blue A Useful d'int Other Similar Blues Cobalt Blues- -I’russian Chinese 
and Bron/e Blues -A 'lest for Purity— Greens- Compound Gr< ens- .Mineral (ireciis. Lake.s. 
- Characteristics -Lake Derivatives- A lAiint of Importance Red Lakes .Madder 
Cochineal and Carmine -Bra/il Wood— Alizarine ;« Coaltar Derivative Yellow Lakes -Blue 
Lakes— (ireen Lakes. The Cirindinjf of I’rintinic Inks. Ink-j^riiidin,k> .Machinery -Ink- 
j*rindinj{ .Mill— A Novel .Machine Hand Grinding Treatment of Gritty Colours— A ()tiestion 
of IVoportion — Appro.ximatc Calcul.ation -Soap - Saturation Friction Heat Consistent 
Grindin>’. Ink and Colour MlxInR-,— A Necessary Acquisition Ink Mixin^j Defined .Mi.xcd 
Green Inks- -Mixed Brown Inks-Tints Ink .Mixing;— Lithographic Inks- Characteristics of 
Yellows— Mixing N'ermilion Ultramarine and Other Blues [fronze, Prussian and Cliincse 
Blues— Workinjr Consistency— Kcdiicinjt .Medium I.ettorpre.ss Inks— Gloss Inks -Three- 
colour Inks— lnk-mixinj< .Machine. The Characteristics of Some Prlntintf Processes. - 
ASupplement.iry Discussion -Letterpress Inks-Three.-colour Prinlinjt- Lithographic Printing; 
Inks— An Important Feature Su>»}>estive Points-Tinplate Printin><. Driers.-A Valiiahle 
Auxiliary— F.nerjjetic Dryin)< Inks— The Theory of Drying;- Liipiid Driers Terebene -Paste 
Driers — Letterpress Driers — -Powder Driers — Turpentine as a Drier. Bronze Pow ders and 
Bronzlnif. — A Brief JustiHcat ion Bron/e I’rintinj* Inks— Bronze Powders — I he Process of 
Manufacture -Preparation of the Leaf (irindmj; andGradinp-Bronzin^ Mediums- Requisite 
Dualities- Wax Varnish. “Thing:® Worth Knowing.” -A Record of Notes and 


Experiences— Index. 


(Sec also ]VritiH!( Inks, />. lo.) 


THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Painters and Decorators. By A. 

Dksaint Artistic Interior Decorator of Paris. The book contain.s 100 
folio Plates, mcasurinji 12 in. by 7 in., each Plate eontainin|i specimens 
of three artistic shades. These shades are all numbered, and their 
composition and particulars for mixing* arc fully }»iven at the beginning 
of the book. Each Plate is interleaved with grease proof paper, and 
the volume is very artistically bound in art and linen with the Shield 
of the Painters’ Guild impressed on the cover in gold and silver. 1 nee 
21s. net. (Post free, 21s. 6d. home; 22s. 6d. abroad.) 

HOUSE DECORATING AND PAINTING By W. 

Norman Brown. Eighty-eight Illustrations l.W pp. Crown 8vo. 
Price 3s. 6d. net. (I’ost free, 3s. M. home and abroad.) 

A HISTORY OF DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Pr.cels.net. 
(Post free, Is. 3d. home and abroad.) 
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PAINTS, COLOURS. EIC.— continued. 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. Second 
Edition. Price 2s. Hd. net. (I’ost free, 2s. 9d. home; 2s. lOd. abroad.) 

CASEIN. By R(ji{|>:i<t Schi-ri-:r. Translated from the German 
by Chas. Salthu. Demy 8vo. Illustrated. Second Revised English 
Edition. U'O pp. Price 7s. bd. net. (Post free, 7s. lOd. home; 
8s. abroad.) 

SIMPLE METHODS FOR TESTING PAINTERS’ 

MATERIALS. By A. C. Wright, M.A. (Oxon.), B.Sc. 

(Lond.). Crown 8vo. IfiO pp. Price 5s. net. (Post free, 5s. 8d. 
home ; 5s. 6d. abroad.) 

IRON - CORROSION, ANTI FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German of 
Louis Edgar Andks. Sixty two Illustrations. 275 pp. Demy 8vo. 
Price lOs. bd. net. (Post free, 10s. lOil, home; 11s. 8d. abroad.) 

THE TESTING AND VALUATION OF RAW 

MATERIALS USED IN PAINT AND COLOUR 
MANUFACTURE. By M. W. Jonhs, F.C.S. A Book 
for the Laboratories of Colour Works. 88 pp. Crown 8vo. Price 
5s. net. (I'ost free, 5s. 3d. home and abroad.) 

THE MANUFACTURE AND COMPARATIVE MERITS 
OF WHITE LEAD AND ZINC WHITE PAINTS. By 

(i. Petit, Civil Engineer, etc. Translated from the French. Crown Svo. 
100 pp. Price Is. net. (I’ost free, 4s. 3d. home ; 4s. Id. abroad.) 

STUDENTS’ HANDBOOK OF PAINTS, COLOURS, OILS 
AND VARNISHES. By John Flirnhi.l. Crown 8vo. 12 

Illustrations. 9b pp. Price 2s. (xl. net. (Post free, 2s. 9d. home and 
abroad). 

PREPARATION AND USES OF WHITE ZINC PAINTS. 

Translated from the French of P. Flf.ury. Crown 8vo. 280 pages. 
32 Tables. Price bs. net. (Post free, bs. 4d. home ; bs. bd. abroad.) 

Contents. 

First Part. Chapters I., General Remarks. Technical I’rinciples. H., Paintinjj; on 
Woodwork. — Ordinary Outside Wnrk -Inside Work. HI., Belter Class Painting on 
Woodwork. IV., Painting on Plaster, on Mortar, and on Soft and Porous Ceilings. 
V^, Hints on Painting with White Zinc. VI.. Testing Commercial Zinc Whites. 
VII., The Experiments of the Dutch Commis.sion Ufficially Entrusted to make Com- 
parative Trials between White i.ead and White Zinc. VIH., Results and Criticisms 
of the Experiments of the Dutch Commission. Final Report of October 5, 1909. 

Second Part. Chapters IX,, Manufacture and Different Treatments of White 
Zinc - Its Modifications and Improvements. X., The Legislative History of White 
Zinc Paint. XL, Legislation. XIL, Methods of Qualitative Analysis.— Examination of 
Raints. l-ixcd and Essential Oils. Waxes, n'ormuke for Encaustic and Waterproof Paints. 
Analysis of Paints. White Paints. Analysis of White Lead. Analysis of White Zinc. Blacks. 
Red Pi^lments, Carmine and Lakes. Yellow Colours. Green Pigments. Blue Pigments. 
Brown Colours. Analysis of Binders or Liquids. Testing Preservation and Improvement of 
Varnishes by Ageing. Analysis of Yellow and White Wax. Selected Furniture I’olish Recipe. 
Normal Polish for Floors, Parquets, and Woodwork. Virgin Wax Polish for Flattening of 
l^aints or lh)lisliing of Varnishes. Furmuhe for a Waterproof Composition for Plaster and 
Stone and Damp VValls, Special and More Economical Forinuhe for Waterproofing Plaster, 
Copious Index, 
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(Varnishes and Drying Oils.) 

THE MANUFACTURE OP VARNISHES AND 
KINDRED INDUSTRIES. By J. (iKDOKs McIntosh. 

SccoikI, j^reatly onlarjfcd, I)!n}^lish lulition, in Uircc X'oliinics, hnsccl on 
and incURlin}» the worl'i oC Aeh. Li\aelie. 

VoiA’Mi: 1. OIL CRUSHING, REFINING AND BOIL 
ING, THE MANUFACTURE OF LINOLEUM. 
PRINTING AND LITHOGRAPHIC INKS, AND 
INDIA-RUBBER SUBSTITUTES. IVmy Svo. 150 

pp. 29 Jlkislrations. Price 7s. (id. net. (Po.st free, 7s. lOd. home; 

Voi^MiriL — VARNISH MATERIALS AND OIL- 
VARNISH MAKING. Demy Svo. 70 llhistnuions. 

220 pp r^rice lOs. (id. net. (Post I'ree, lOs, iDd. home; 1 1 s, ahi'oad.) 

VoiA mi: 111. SPIRIT VARNISHES AND SPIRIT 
VARNISH MATERIALS. Demy Svo. Illustrated. 

-I(i4 pp. Ih'iee 12s. (id. net. (Post I'ree, Ids. home; Ids. (iti. ahro;id.) 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. H. Andhs. B.KpressIy Written 

for this Series of Special Technic;d liooks, and the I^ubiishers hold 
the Copyright for Pnglish and Foreign editions. Forty-two Illustra- 
tions. 342 pp. Demy Svo. Price 12s. (id. net. (Post free, Ids. home ; 
Ids. dd. ahroatl.) 


(Oils, Fats, Waxes, Greases, Petroleum.) 

LUBRICATING OILS, FATS AND GREASES: Their 

Origin, Preparation, Properties, Uses and Analyses. A Handbook tor 
Oil Manufacturers, Refiners and Merchants, and the Oil and Fat 
Industry in General. By Gkorok 11. Hukst, F.C.S. Ihird Revised 
and Failarged FMition. Seventy-four Illustrations. dS4 pp. Demy 
Svo. Price lOs. (id. net. (Post live, I Is. home; lls. dd. ;diroad.) 

MINERAL WAXES : Their Preparation and Uses. By 

Rudolf Gregorius. Translated from the German. Crown Hvo. 2.^0 
pp. d2 Illustrations. Price lis. net. (Post free, (is. 4d. home; (is. (iil. 
abroad.) Contents. 

Ozokerite -Cere.sine Paraffin Refining Paraffin Mineral Wax Appliances for 
Extracting, Distilling and Refining Ozokerite -Uses of Cercsine. .Paraffin and 
Mineral Waxes -Paint and Varnish Removers-I.eather and Piston-Rod Greases 
Recipes for Silk, Cotton and Linen Dressing-s-Candles. 

THE PRACTICAL COMPOUNDING OF OILS, TAL- 
LOW AND GREASE FOR LUBRICATION, ETC. 

By An Expert Oil Refiner. Second Edition. 100 pp. Demy Svo. 
Price 7s. (xl. net. (Post free, 7s. lOd. home; Ss. abroad.) 

Contents. 

Introductory Remarks on the General Nomenclature Greases 

suitable for Lubrication — Hydrocarbon .Oils — Animal and . Compound 

Olls-Vegetable Olls-Lamp Oils-Englne Tallow. Solid fied Oils and Petroleum 
Jelly- Machinery Greases: Loco and Antl-friction-Clarifylng and Utilisation 
of Waste Fats, Oils, Tank Bottoms. Drainings of Barrels and Drums, Pickings 

Up, Dregs, etc. -The ~ ' ‘ 

General information. 


THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition by 
Chas, Salter. 10 Illustrations. Crown Svo. 170 pp. Price 7s. lid. 
net. (Post free, 7s. lOd. home; Ss, abroad.) 



6 


THE OIL MERCHANTS’ MANUAL AND OIL TRADE 
READY RECKONER. Compiled by Frank F. Shi-rrii i\ 
Second Edition Revised and Enlarjfed. Demy 8vo. 214 pp. 1904. 
With Two Sheets of Tables. Price 7s. (id. net. (Post free, 7s. lOd, 
home ; 8s. 3d. abroad.) 

ANIMAL FATS AND OILS : Their Practical Production, 

Purification and Uses for a great V''ancty of Purposes. Their Pro- 
perties, Falsification and Examination. Translated from the German 
of Louis Edgar Andes. Sixty two Illustrations. 240 pp. Second 
Edition, Revised and Enlarged. Demy 8vo. Price 10s. (id. net. 
(l\)st free, 10s. lOd. home; 11s. 3d. abroad.) 

VEGETABLE FATS AND OILS: Their Practical Prepara- 
tion, Purification and Employment for Various Purposes. Their Proper- 
ties, Adulteration and Examination. Translated from the German of 
Louis Edgar Andes. Ninety-four Illustrations. 340 pp. Second 
Edition. Demy 8vo. Price lOs. (id. net. (Post free, 11s. home; 
11s. (id. abroad.) 

EDIBLE FATS AND OILS: Tlteir Composition, Manufacture 
and Analysis. By \\ . H. Sim.mo.ns, B.Sc. (Loud.), and C. A. .Mitchell, 
H.A. ((.)xon.). Demy .Svo. ISO pp. Price 7s. (id. net. (Post free! 
7s. 9d. home; 8s. abroad.) 


Introcluctlon, — I’hysiolo.eical ConsKli-ntions Constitution of Rats aiut Oils Trvelv 
cende GlycerKle Hutynn- Isovulerin Cuproin -Caprylin -Capnn Laurin ■ -.M\ ristin- 
1 almi(in---StL*arin-0 cun Ricinolcin Stcaru: Acid Series Oleic Acid Scries Lmolic Acid 
Senes Linolcmc .Acid Senes- Ricinolenic .Acid Series. Raw JVtaterials used In the lUnnn. 
facture tjf Edible Fats and Oils. Tallou-.Mutton-Heet' l.mf Sd“oi?lj« 

- .Maize 1 (^^.itlon-seed Oi Cotton-seed Stearine Olive Oil Araehis Oil (Hartliiuit or 
ea-iuit OiE Sesame Oil Palm Nut Oil (Palm Kernel Oil) SunHovver Seed Oil Caeao 

<>il Soy;' iR-.m on shea Butter Mowrah-scecl Oil- 
' \ftsht . ' Pr® ' r n and Rellninjf Fats and Oils. I'hysical .Methods 

Washing, rree/in^, l-illration, rreatment. Steaminj; IG.-inoval of Stearines ■MeOm.knt 
Piltration— Chemical Methods- Caustic Soda Sodium Carbonate .Alltaline Barths- Pre- 
sen, us likniching of Oifs-Chareoal Fullers' Barth Oz.me Hydrol I i tes siu 
T e Dco!l„ri.a.bn„ F™. - 

E.ini , ( ) Et.at 1-ipl , (3) Choice Steam Lard or Choice Lard ; (4) IVime Steam Lard • fSt Oiiis 

- Lard Crystals — Influence of Pood Acidityof Lard -Water Polenslie Thels liCvni 
--Lard Oit Margarine, and Other Butter .Substllut^,Ma^iiK>. oL™ 

Artihcial Butter tnvemion and Development -.Modern Processes ^and PormiilT Vciietable 
BuHer Modern Process- Ve>;elable Butter— Palm Oil Salad Oils Vr 

^d Confectwmt^y Pimposes" Chocolate Bats-- Si;; 

ines^'oth^M ! Cocoanut and Palm Kernel Oil Stear- 

incs 0 het Vc^eLible Pals. Analysis of Raw Materials and Finished Products —R tw 
Materials-Spcciiic Gravity Free I<'alty Acids Saponification Value S\(po,Sion' Kquiv- 
F-ou- a’‘^'|"^ Method-Bromine Absorption -Titer or Solidifying of the 

Patty A Ids Refractive Index UnsaponiHable Matter-Valenta's Acetic AcidTest-Mni- 
mene s lest Mroinmc Thermal Value Baud.aiin's Test-Tocher's TesF^ 
seed 0,1-Ha phen s est -Araeflns Oil Butter-Water-Iixamination of the Fat -RefraS ve 
Power Soluble and Insoluble Fatty Acids Insoluble Faltv Acids C i^oin r i ,4' , ^ 


(Glycerine.) 

GLYCERINE. By T. W, Koi>pr. Translated from the Second 

German Edttion. Crown Svo. 280 pp. 7 Illustrations. Price 7s. (xl. 
net. (I ost free, 7s. lOd. home; 8s. abroad.) [y,ist Published. 
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(Essential Oils and Perfumes.) 

THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 
FICIAL PERFUMES. By E R\i:sT J. Parky, B.Sc. 

(Lond.), F.I.C,, F.C.S. Second Fditioii, Revised and P’nlarjved. 552 pp. 
20 Illustrations. Deniiy 8vo. Price 12s. Od. net. (l\)st free, Ids. luiine ; 
Ids. Od. abroad.) 

(Soap Manufacture and Glycerine.) 

SOAPS. A Practical Manual of the Maiuifacture of Domestic, 
Toilet and other Soaps. By ('•i'.okgk H. Hurst, F.C.S. dOO pp. 
66 Illustrations. Demy Svo. Second biidition. IVicc I2s. 6d. net. 
(Post free, Ids. home ; Ids. 6d. ahro.id.) 

TEXTILE SOAPS AND OILS. Handbook on the Prepara- 
tion, Properties and Analysis of the Soaps and Oils used in Textile 
Manufacturing;, Dycinj; and Printini;. Hy Georoh H. Hurst, F.C.S, 
Second lidition. Revised and I’artly Re-written hy W. 11. Simmons, 
llSe. (laind.). DemySxo. 20(1 pp. 11 Illustrations. Priee7s.6d.net, 
(Post free, 7s. lOd. home; 8s. ahiuKul.) 

THE HANDBOOK OF SOAP MANUFACTURE. By 

W'm. H. Summons, H.Se. (Lond.), F.C.S. and H. A. Ai’I'Ukto.n, Demy 
Svo. 160 pp. 27 Illustrations. Ih'iee Ss. 6d. net. (Po.st free, 8s. lOd. 
home ; 9s. abroad.) 

Contents. 

Definition of Soap,— lVi)pct ties- Hydrolysi^^ -Determent Action. Constitution of Oil.s 
and Fats, and their Saponification. -Researches of Chevrctil and Ikrthelot-. Mixed 
(ilycerides— Modern Theories of Saponification -Hydrolysis accelerated by (1) Heat or 
Electricity, (2) Ferments, Castor-seed Ferment, Steapsin Hrmdsin and CO Chemical 
Reagents, Sulpluiric Acid, Twitchell’s Reagent, Hydrochloric Acid, Lime, Magnesia, Zinc 
Oxide, Soda and I’ntash. Raw Materials used in Soap-making.— Fats and Oils— Waste 
Fat.s— Fatty Acids— Less-known Oils and Fats of Limited Use— Various New Fats and Oils 
Suggested for Soap-making— Rosin— Alkali (Caustic and Carbonated)~Water— Salt Soap- 
stock, Bleaching and Treatment of Raw Materials intended for Soap-making.— 
Palm Oil— Cottonseed Oil -Cottonseed “ Foots" -Vegetable Oils-Animal Fats- Hone l-at- - 
Rosin. Soap- making. —Classification of Soaps— Direct combination of Fatty Acids with 
Alkali— Cold Process Soaps — Saponification under Increased or Diminished Pressure- Soft 
Soap — Marine Soap — Hydrated Soaps, Smooth and Marbled- -Pasting or Saponification - 
Graining Out— Boiling on Strength -Fitting— Curd Soaps— Curd Mottled— Blue and Grey 
Mottled Soaps— Milling Base— Yellow Household Soaps— Resting of l»ans and Settling of 
Soap— Utilisation of Nigres— Transparent Soaps— Saponifying Mineral Oil— IMcctrical l^ro- 
duction of Soap. Treatment of Settled Soap.— Cleansing— Crutching— Liquoring of Soaps 
—Filling— Neutralising, Colouring and Perfuming —Disinfectant Soaps— F'raming— Slabbing 
- Barring — Open and Close Piling— Drying- -Stamping Cooling. Toilet, Textile and 
Miscellaneous Soaps. — Toilet Soaps — Cold Process Soaps— Settled fioiled Soaps— Rcmelted 
Soaps— Milled Soaps- Drying, Milling and Incorporating Colour, Perfumes, or Medicaments 
—Perfumes— Colouring Matter— Neutralising and Super-fatting Material— Compressing- 
Cutting— Textile Soaps— Soaps for Woollen, Cotton and Silk Industries— Patent Textile 
Soaps— Stamping— Medicated Soaps— Ether Soap - Floating Soaps— Shaving Soaps— 
Mi.scellaneous Soaps. Soap Perfumes. — Essential Oils— Source and IVeparation— Properties 
-Artificial and Synthetic Perfumes. Glycerine Manufacture and Purification.— Treat- 
ment of Lyes — Evaporation— Crude Glycerine Distillation— Distilled and Dynamite 
Glycerine— Chemically Pure Glycerine— Animal Charcoal for Decolorisation— Glycerine 
resultant from other methods of Saponification— Yield of Glycerine from Fats and Oils. 
Analysis of Raw Materials, Soap and Glycerine.— Fats and Oils— Alkalies and Alkali 
Salts — Essential Oils — Soap — Lyes*- Crude Glycerine. Statistics of the Soap Industry. 
Appendix ^.—Comparison of Degfrees Twaddell, Beaume and Actual Densities. 
Api^endix B.— Comparison of Different Thermometric Scales. Appendix C.— Table of 
the Specific Gravities of Solutions of Caustic Soda. Appendix D — Table of Strength 
of Caustic Potash Solutions at F. Index. 

MANUAL OP TOILET SOAPMAKING, including Medi- 
cated Soaps, Stain-removing Soaps, Metal Polishing Soaps, Soap 
Powders and Detergents, Translated from the German of Dr. C. 
Deite. Demy 4to. 150page.s. 79 Illustrations. Pricel2s.6d.net. 
(Post free, 18s. home; 13s. 6d. abroad.) 
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(Cosmetical Preparations.) 

COSMETICS : MANUFACTURE, EMPLOYMENT 
AND TESTING OF ALL COSMETIC MATERIALS 
AND COSMETIC SPECIALITIES. Translated 

from the German of Dr. Tiihodok Koi.i.kk. Crown 8vo. 262 pp. 
Price 5s. net. (Post free, 5s. 46. liome ; 5s. 6d. abroad.) 

(Glue, Bone Products and Manures.) 

GLUE AND GLUE TESTING. P.y S\Mri;i. Kii)i:al. D.Sc. 

(Pond.). Secoiul Edition, Pcvised aiul Enlar};cd. Demy 8vo. U)6 pp. 
14 Illustrations. Price lOs. 6tl. net. (Post free, 10s. lOd. home; lls. 
abroad.) 

BONE PRODUCTS AND MANURES : An Account of the 

most recent Improvements in the Manufacture of Fat. Glue. Animal 
Charcoal, Size. Gelatine and Manures. By Thomas Lamuf.ki'. Second 
Pevisctl Edition. Demy Svo. 172 pp. 17 Illustrations. Price 7s. 6d, 
net. (post free, 7s. lOd. home; Ss. abioad.) 

(vSVc also C/umical Mdiutn^, /'. lo.) 

(Chemicals, Waste Products, etc.) 
RHISSUF. or CHEMICAL ESSAYS OF C. W. 
SCHEELE. inrst Published in Hiii^lish in 1786. Trans- 
lated from the Academy of Sciences at Stocldiolm, with Additions. 600 
pp. Demy tSvo. Price 5s. net. (Post free, 5s. 6d. home ; 5s. 9d. abroad.) 
Contents. 

.Memoir ; C. W. Seliecle and his worl, (written tor tliis edition hy d. 0. .McIntosh) -On 
I'liior Mineral and its Acid On l•lllol• Mineral Chemical Inveslij(ation oF Fluor Acid, 
with a View to the Earth which it Yields, hy Mr. Wieulcr- Additional Inl'ormation 
Concernirij^ F'luor .Minerals— On .Man^jaruse, MaKn»-sium. or ,Mat(nesia Vitrarioruni -On 
Arsenic and its Acid Remarks upon Salts oF Benzoin On Silex, Clay and Alum Analysis 
of the Calculus Vesical —Method oF Breparin^t Mercurius Dulcis Via Huinida Cheaper and 
more Convenient Method of Breparini( Bulvis AlKarothi Experiments upon .Molyhdxma 
— Experiments on Bliimha}>o— Method of Breparing a New Green Colour Of the De- 
composition of Neutral Salts hy Unslaked Lime and Iron On the Quantity of Bure Air wliich 
is Daily Present in our Atmosphere On Milk and lls .Veid On the Avid of Saccharum Uactis 
—On the Constituent Barts of Lapis Bonderosus or Tungsten — Experiments and Observations 
on Ether — Index. 

'the manufacture of alum and the SUL- 
PHATES AND OTHER SALTS OF ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 

and Calico I’rintin^, and their othci Applications in the Arts, Manufac- 
tures, Sanitary Eng(iiiccrinj», Aj^rieulture and Horticulture. Translated 
from the French of Lucif.n Gf.schwind. 195 Illustrations. 400 pp. 
Royal Svo. Price 12s. 6d. net. (Post free, 16s. home; 16s. 6d. abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manufaeture 

and Uses. Hy Camilff Vinchnt, Professor at the Central School of 
Arts and Manufactures, Paris. Translateil from the French by M. J. 
Saltf.r. Royal Svo. 114 pp. Thirty-two Illustrations. Price5s.net. 
(Post free, .5s. 4d. home; .5s. (id. abroad.) 

CHEMICAL WORKS : Their Design, lirection, and Equip- 
ment. By S. S. Dyson and S. S. Clabkson. Royal vSvo. 220 pp. 
With 9 Foldinjf Plates and SO Illustrations. Price 2ls. net. (Post 
free, 21s. 6d. home; 22s. abroad.) 
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MANUAL OF CHEMICAL ANALYSIS, as applit j to the 

Assay of Fuels, Ores, Metals, Alloys, Saltsaiul other Mineral Products. 
By E. PaosT, D.Sc. Translated hy d. CinucKsiiANai Smith, B.Sc. 
Royal 8vo. dOO paj^es. 41 Illustrations. Price Ids, dd. net, (Post 
free, Ids. home; Kls. (id. abroad.) 

TESTING OF CHEMICAL REAGENTS FOR PURITY. 

Translateil from the German of Dr. C. Kkauch. Royal Svo. ddO paj^es. 
Price 12s. (id. net. (Post free, Ids. home; Ids. (id. al>road.) 

SHALE OILS AND TARS aiul tiu-lr Products. By Dr. \V. 

Sci 1 1- 1 1 'HAU lav*. d'ranslated from the German. Demy Svo. P)() pp. 
70 Illustrations ami I Diaj.;rams. I’riee Ss. (iil, net. (Post free, Ss. Kid. 
home ; Os. abroad.) 

Contents. 

Chapters I., History ot the Shale and Lignite-tar liuliistry. II., The Bituminous 

Raw Materials. Occurrence Oni.'in KropcrlicN ;iml Compnsition Worltin^ -I'tili/ation. 

III., The Production of Distillation lar. -Tlic Dry distilliition l’r(tcess I’iie \Vinnin>^ nf 
Llj;nltc Tar I'he .Messel I'.ir lailiistr\ Tlut K'ecovery of Sh.ile 'I'ar in ScollanrI, 1\',, The 
Distillation Products. — Tlte Tar 'I'he T.ir Water i.Xmmunia Luiuor) -Oas 'the Distillation 
Kesiiiues, V.. I'lie Dislillution of the Tar and I'ur Oils. - Thv l)l-Uillation Droetss i'ar 
Distilling in the Saxon Thuriiycian Imliistry -The .Messel Disiillation Pivtccss The Distilla- 
tion Process in the Scouisit InJustry. \'i., I. Chemical 'I'reatiiient (tf the I'ar and its 
Distillates. - The Ivellninj' IVocess— The Kelinin^ Process in the S.ixon- Tliiinnjtian liukistry 
Kelinliie Process in the Messel Iniliistry — Retinini; Process in the Scottish liulustry. 
II. I he utilization of the Refinery Waste. I ses an. I I reaimcnt. VII., I he Manii- 
lacture of Paraffin. 'I'lie .Manufacture of Par.ilfin in (lie S.ixon-Tliurin^ian liulustry — 
Mamif.icture of Paraffin in the Messel Itulustrx -Parailiii .Maniif.ictiirc iii the Scottish 
Iiuiiistry, VUI., Products I urnished hy Shale Oil anil l.ijfiiitc- 1 ur. [\., Candle- 
makintf. 'I'he Raw Materials The Candle .Material - I'he Wicl. -The Colourint; Matters, 
The Manutactuiv -I’he .Moiiklin.it Process -l•lnishi^y; Pacluni; the C.m.lles -VVhirl.inK up 
Caiulle Waste. X,, Chemical Composition of the lars and their Distillates. Lignite 
Tar— Shale Tar. XI., I lie l.ahoratory Work. -Testm:; Hu- Raw .Malenats -Testing the 
Tars and other Disiillation Prodiiets r.-siinj.; tin T.ir Oils Testiiif; the Reap.enls used lor 
Re.linin- the Oils and Paraffin -Ti'sHn^ I he Par.d'tin 'I'esis Applied in Can.lle Works -Test- 
ing I he Ky-Products of Tar Distillation. \ll., .Statistics. Index. 

THE BY-PRODUCTS OP COAL-GAS MANUFACTURE. 

IR’ K. lx. L.wtri:. Ti’uiishilcd from thrGcnmm. th’ow ii .Smi. 1(14 paocs. 
Id Illustratiims. I’ricc .Ss. net. (Post free, -as. 4d. home ; Ss. (id, aliroad.) 

\yiisl f'lihliahrd. 

INDUSTRIAL ALCOHOL. A Practical iMaiuial on the 

Production and Fse of .Alcohol for Industrial Purposes and for Use as 
a Heating Agent, as an llluininant and as a Source of .Motive Power. 
By .1. G.^McIntosh. Demy .Svo. l‘)()7. 2 .t(I pp. With 75 Illustra- 
tions and 25 Tallies. Price 7s. (id. net, (Post free, 7s. lOd. Imme; 
Ss. dd, it broad.) 

THE UTILISATION OF WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of W'tiste Pro- 
ducts of all kinds. By Dr. Thkodor Koli.i-r. Translated from the 
Second Revised German Edition. Second l'bii;lish l\c\ised P.dition. 
Demy Svo. dd(i ptiges. 22 Illustrations. Price 7s. (id. net. (Post free, 
8s. home; 8s. (id. aliroad.) fnihUshtd. 

ANALYSIS OF RESINS AND BALSAMS. Translated 

from the (ierman of Dr. Karl Dihti-kmch. Demy 8vo. d4() pages. 
Price 7s (id. net. (Post free, 7s. lOd. home; .Ss. .dd. tibroad.) 

DISTILLATION OF RESINS, RESINATE LAKES AND 
PIGMENTS, CARBON PIGMENTS AND PIGMENTS 
FOR TYPEWRITING MACHINES, MANIFOLDERS, 
ETC. By Victor Schwi-izi-r. Demy 8vo. 18.5 pages. 

88 Illustrations. Price 7s. (kl. net. (Post free, 8s. home ; .Ss. dd. abroad.) 

DISINFECTION AND DISINFECTANTS. By M. Chris- 
tian. Translated from the German. Crown 8vo. 112 pages. 18 lllus- 
tt'ations. Price 5s. net. (Post free, .5s. dd. home; 5s. 8d. abroad.) 
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(Agricultural Chemistry and Manures.) 

MANUAL OF AGRICULTURAL CHEMISTRY. By 

HERnKRT Ingle, F.I.C.,F.C.S.,Late Lecturer on Agricultural Chemistry, 
tlio Leeds University; Lecturer in the Victoria University. Third 
and Revised Edition. 4(M) pp. US Illustrations. Demy 8vo. Price 
7s. (Sd. net. (Post free, Ss. home ; Ss. (Sd. abroad.) 

Contents. 

’I'hc Atmosphere The Soil— The Reactions occiirrinn in Soils The Analysis aiul Com- 
position iiF Soils -Manurinf* ami General Manures -Special Manures Application of Manures 

— The .\nalysis amt Valuation of Manures — The Chemical Constituents of Plants — The Plant 
— Crops -The Animal— Foods and I'eedinn — Milk and Milk Products — The Analysis of Milk 
and Milk Products Miscellaneous Products used in .Agriculture — Appendix. --Index. 

{For Insirticidcs, Funouidrs and Weed Killrrs, sec p. uS.) 


CHEMICAL MANURES. By J. I'ritscii. Translated from 

the b'rcnclt, witli numerous Notes. Demy Svo. d.SO pp, (if) Illustra- 
tions and lOS Tables. Ih'icc 10s. (id. net. (I’ost free, 11s. home; 
Us. (id. abroad.) 

Contents. 

History -Origin and Distribution of Phosphoric Aciil in Nature — Properties of Phos- 
phorus -Principal Phcisphatc Deposits Diyini; ami linnclimcnt of Phosphates -Historical 
Revie\s' of Superphosphate .Manufacture Tlieory of .Manufacture of Soluble Phosphates- 
•Maniii'acturc of Superphosphate -Crushing, Sifting;, Drying, ami Storinj4 of Superphosphate 
-Hetrofjradation — Compound .Manures -The .Manufacture of Phosphoric .Vcid, Double 
Superphosphates, and Various I’roducts— The Maniifacture of Phospiiorus in the Klectric 
Furnace -.Slanufactiirc of Hone Dust and of I-lone Superphosphate ( Vitrioli/.ed Hones) — 
Manufacture of Hasic Sla>;- Nitro)j;enoiis Manures Manufacture of M.anure from .Animal 
Waste —Recovery of . Nit rojten from Distillery P.y- Products- .Manufacture of Cyanamide and 
of Nitrate of Lime -N’ilroj'enized I’hosphalic .Manures ~ Potassic .Manures— Transference 
and Handling of Raw .Materials and I'inished Products. 

{See also Bone Products and Midturcs, p. S.) 


(Writing Inks and Sealing Waxes.) 

INK MANUFACTURE : including Writing, Copying, Litho- 
graphic, Marking, Stamping, and Laundry Inks. By Sigmund Lehner. 
Translated from the German of the Fifth Edition. Second Revised and 
Enhirged Englisli lidition. Crown Svtt. 180 pages. 8 Illustrations. 
Price r5s. net. (I’ost free, ns. Od. home; 5s. (ul. abroad.) 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Standagk. Crown 

8vo. 96 pages, Price5s.net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

(Lead Ores and Lead Compounds.) 

LEAD AND ITS COMPOUNDS. By Thos, La.mhbrt, 

Technical and Consulting Chemist. Demy Svo. 226 pp. Forty Illus- 
trations. Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. 3d. abroad.) 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown Svo. 64 pages. Pricels.net. (Post 
free, Is. 3d. home; Is. 4d. abroad.) 

(White Lead and Zinc White Paints, see />. 4 ,) 
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(industrial Hygiene.) 

THE RISKS AND DANGERS TO HEALTH OP VARI- 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., R.Sc. (I..ond.). 196 pp. Demy 8vo. 

Price 7s. 6d. net. (Post free, 7s, lOd. Iionie ; Ss. abroad.) 


(Industrial Uses of Air, Steam and Water.) 

DRYING BY MEANS OP AIR AND STEAM. Kxplana- 

tions, Formube, and Tables for Use in Practice, Translated from the 
German of E. Hausiirand. Second Revised b2nglisb Edition. Crown 
8vo. 80 pp. Two folding Dia}.{rams and Thirteen Tables. Priec5s.net. 
(Post free, 5s. 3d. home ; 5s. ('d. abroad.) 

Contents. 

The Metric ami Hritisli Systems Cuinpared— Comparison between Fahrenheit and Centi- 
grade Thermometers. Cliaplers I. Introdmtion and Lists of Symbols— II. Calculations of 
the .Maximum Weight of Saturated .Ai|neous N'apour whieli can be contained in 1 hilo. of Air 
at different I’ressiires and 'I’emperatures -1 1 1 . Caleiilalion of the necessary Weight and 
Volume of Air, ami of the least I'.xpemliture of Heat, for Drying Apparatus with Heated Air, at 
Atmospheric Pressuie— (u) With the assiimption lhal the .Air is completely saturated 
^nth Vapour both before entry and at its exit from the Appai-atus (I'l) When the Atmos- 
pheric .Air is completely saturated before entry, but at its exit is only or j saturated 
with moisture— (( ) When the Atmospberic Air is not saturated with Water \hipour before 
entering the Drying Apparatus. IV. Drying Apparatus in wliieh, in the Drying Chamber, a 
Pressure, higher or lu\\i-r than that of the Atmosphere, is .Artificially .Maintained— V. 
Drying by means of Superheated Steam without An — AT. Healing Surface, Velocity of the 
Air Current, Dimensions of the Drying Koom, Snrfaec of the Drying .Material, Losses of 
Heat-Index. 

List of Tables. 


1. Pressures and weighls of I cubic meire of saturated water vapour and of dry air- - 
The weight of water in I kilo, of air at the absolute tliai-oim-trie) jiressures of 250, .5(H), 740, 
7()0, “SO and 1,140 mm., and at temperatures from 20 to I 100 C.. w hen the air is completely 
saturateil with vapour. IL Weight ami volume of air, outlet temper.iture of air and 
expenditure of heal ret.|uii’eil to e\apor.ite 100 l\ilos. of water when tlie cxterntil tempera- 
ature is - 20' to I dO" C.. the maximum temperature is SO to 100 C., the barometrie pressure 
is7()0mmr 'I'he external air and the air at its exit are both cimplelely saturated with water 
vapour. III. Pressures and weights of I eiihi.’ metre of '. ami saturated water vapour und 
of the aecompanving dry air-The weights of J, .1 and ) saturated vap<Hir contained m l 
Kilo, of air, with the barometer at 700 mm., and at temperatures lrt)m'-20;to I lOO C. 
IV V. and VI. Weight ami volume of air, temperature ol exit and expenditure of lie.at 
required to evaporate KM) Kilos, of water w hen the external temper.iture is - 20 ' to + 00 ’ C., 
the maximum temperature is 0.5", .50 ', 70 100 ' and 100 C., the external air is complete y 

saturated and the emergent air is only ", .( and ] saturated with water \ ap<nir Also expem i 
tureof heat when the external air is ; saturated. VII. Temperatures at wiiieli the air would 
he completely saturated with water if it is only .( or ( saturated by the same <iuant,ty of 
water at certain higher temperatures. A'lll., l.\. and X. 1 he weight anil volume ot .nr, lein- 
peralure of exit and expenditure of heat required t.. evaporate 1(10 Kdi.s. of w aUumv ten th^ 
external temperature is - 20 ', 0 and * 00'^ C.. the maximum temperature is .b nO , /() , 100 
and 100' C., and both external an.i emergent a.r are completely saUirated with water 
vapour Vm. Theahsolutepressureis 1.140 mm. (l.l atmos.) .50. IX. 1 he absolute rres.sure 
is ISOO mm. (P. atmos.) 51. X. The absolute pressure is 250 mm. (P atmos.) 52. XL I he 
weights of steam and their volumes, belore and alter healing retpiired to evapoiate 00 
kilos, of water in the circuit drying apparatus. witP.ut :>';;. ^ )ibs..lulc pressures ot 148 
to 2,(i(i0 mm., and with maximum temperature ol ().5'> to 200 C. XI 1. Ihe qi antities i f 
heat given up by 1 square metre of the source of heat in 1 hour when the external .m s 
at - ''0 " to I 80 ' C., the source of heal is at 1(K) ' to 140 ’ C., tlie heated air is at d.a to 180 
C., and the air current passes over the heating surface with a velocity ofl to h metres per 
second XHI. Losses of heat, in calories, by drying apparatus m one hour from square 
metre of masonry, wooden wall^ or simple window at temperature d.Derenccs between 
interior and exterior of 5 ' to 100" C. 

(Sa also Eviiporafini^, Cuiidmsing and Coolhii^ Apparatus," p. 25.) 


PURE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo 85 pp Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.) 
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THE INDUSTRIAL USES OP WATER. COMPOSI- 
TION - EFFECTS-TROUBLES - REMEDIES-RE- 
SIDUARY WATERS PURIFICATION-ANALYSIS. 

By H. iiK i.A Coux. Royal 8vo. Translated from the French and 
Revised by Arthuk Morris. .%4 pp. 135 Illustrations. Price lOs. (id. 
net. (Post free, 11s. home; 11s. (Sd. abroad.) 

Contents. 

Chemical Action of Water in Nature and in Industrial Use- Composition of Waters — 
Solubility of Certain Salts in Water Considered from the Industrial Uoint of View— F.ITects on 
the Boilinjj of Water F.ITects of Water in the Industries—Dilliculties with Water— Feed 
Water for Boilers — Water in Dyeworks, IVint Works, and Bleach Works-Water in the 
Textile Industries and in Conditioninjj - Water in Soap Works— Water in Laundries and 
Washhouses Water in Tanninj; — Water in I’reparinji Tannin and Dyewood Extracts— Water 
in Bapermakin^ -Water in I'^hotography -Water in Siie.ar Befininfj— Water in Makinj.; Ices 
and Bev erages Water in Cider Making- Water in Bre\vin|>— Water in Distilling;— Preliminary 
Treatment and Apparatus—Substanees Used for I'reliminary Chemical Purilication— Com- 
mercial Specialities and their Ibriployment- 1‘recipitalion of Matters in Suspension in Water 
—.Apparatus for the Preliminary Chemical PiiriHealion of Water Industrial Filters- -Indus 
trial Sterilisation of Water— Residuary Waters and their l^urilication — Soil 1- iltratioo— 
Ihiriiication by Chemical Processes -Analyses Index. 

(.Sff Pjooks an Smoka Prevention, Eni^inci t ini^ and Metallurgy, p. 2 ,|, ete ) 

(X Rays.) 

PRACTICAL X RAY WORK. By Pkaxh T. Addyman, 

R.Sc. (Lotid,), F.I.C.. Momber of the Roeiit}»eii Society of London; 
Rndiojiraplier to St. Gcorj^c's Hospital; Demonstrator of Physies and 
Chemistry, and Teaelicr of Radiography in St. George’s Hospital 
.Medical Sehool, Demy 8vo. Twelve [dates from Photographs of X Ray 
Worli. Fifty-two Illustrations. 200 pp. PricelOs.hd.net. (Post free, 
10s. lOd. home; Ms. 3d. abroad. I 

Contents. 

Historical- Work leading up to the Discovery <d the X Rays— The Discovery Appara- 
tU.S and its Manajiemenl- Electrical 'I'erms— Sources of Elcctrlcily Induction Coils— 
Electrostatic .Machines — Tubes— -Air Pumps— Tube Holders and Stereoscopic Apparatus 
Fluorescent Screens— Practical X Ray Work Installations —Radioscopy— Radio^jraphy— 
.\ Rays in Dentistry Rays in Chemisiry— .\ Rays in War — Index. 

List Of Plates. 

Congenital Dislocation of HIp-.loinl. -1., Needle in Finder. — II., Needle in 
l■oot.- HI,, Revolver Itullel in Calf and Le^.— IV , A .Method of Localisation. — V., Stellate 
Fracture of Patella show ing shadow of “ Strapping VL, Sarcoma. VIL, Six-weeks-old 
Injury to I-’Ihow showing new (irowth of Bone. -VHL, Old Fracture of Tibia and Fibula 
badly set.— IX., Heart Shadow.— X., I'ractiired I'emur showini; ('oaln of Splint. — XL, B.ir- 
rell's .Metliod of Localisation. 

(lndia=Riibber and Qiitta Percha.) 

INDIA-RUBBER AND GUTTA PERCHA. Second 

English Edition, l^cvised and Ivnlargcd. Based on the French work of 
T. Shelkemann, G. Lamy Torrii.hon and H. Faiconnf.t, by John 
Ghddf.s .McIntosh. Royal 8 vo. 100 Illustrations. lOO pages. Ihaee 
12s. hd. net. (Post free, 13s. home; 13s. (id. abroad.) 

Contents. 

India-Rubber. — Indiariibber, Latex Delinitions Laticiferous Vessels — Botanical Drign 
— Habitats .Methods of obtaining the Latex- Methods of Preparing Raw or Crude India- 
rubber — Rubber Cultivation in Various Countries- Climatology Soil -Rational Culture and 
Acclimatisation of tlie Different Species of Indiariibber Plants Classification of the Com- 
mercial Species of Raw Rubber Physical and Chemical Properties of the Latex and of 
Indiariibber— (ieneral Considerations— Mechanical Transtormation of Natural Rubber into 
Washed or Normal Rubber (Purification) Softening, Cutting, Washing, Drying, Storage— 
.Mechanical Transformation of Normal Rubber into Masticated Rubber — Vulcanisation ot 
Normal Rubber- Chemical and Physical Properties of Vulcanised Rubber— Hardened Rubber 
or Ebonite— Considerations on Mineralisation and Other Mixtures- Coloration and Dyeing — 
Analysis of Natural or Normal Hublier and Vulcanised Rubber -Rubber Substitutes— 
Imitation Rubber— Analysis of Indiariibber. 

Qutta Percha.- DeKnition of Cmtta Percha Itotanical Origin Habitat Climatology- 
Soil— Rational Culture .Methods of Collection - Felling and Ringing ro wii Tapping Extrac- 
tion of Gutta Percha from Leaves by Toluene, etc.- Classification of the Different Species of 
Commercial Giitta Percha Physical and Chemical Properties of Gutta Percha Mechanical 
Treatment of Gutta I’ereha- Methods of Analysing utta Percha— Gutta Percha Substitute 
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(Leather Trades.) 

THE LEATHER WORKER’S MANUAL. Rein^ a Com- 

pendium of Practical Recipes and \\'orkinj» Formuhe for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standagk. Demy Syo. Kia pp. 
Price 7s. Hd. net. (Post free, 7s. lOd. home; Ss, ahroail.) 

Contents. 

Bhickinj’S, Bolishes, Glosses, Dressing's, Renovators, etc., for Boot and Shoe Leather- 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc.— Leather (irinders' Sundries— Currier's Seasonings, Pdackintt Compounds, 
Dressings, Finishes, ('dosses, etc. Dyes and Stains lor Leather— .Miscellaneous Information 
— Ch ri 'me T an na.qe — I ndex . 

{See also Maim foe I tire oj Shoe Polishes, Leather l)ressiti<^s, ele., />. 5 .) 


(Pottery, Bricks, Tiles, Glass, .etc.) 

MODERN BRICKMAKING. By Ai.kiihh B. Si aki.h. K’oyul 

Svo. 440 pages. ‘iOO Illustrations. Price I'is, (id. net. (Post tree, 
Lis, liomc ; Lis. (id. abroad.) 


Contents. 

Nature and .Selection of Clays, l.ake 

-Fireclay. The Colour of Bricks. Marls White, \ellow. and Ld l.iicU Icii.i. tta 
Blue Bricks. General Characteristics ol Bricks. kL'to-c Lth. 7 ' 

1 ondon Stocks Plastic Bricks-Sand Iticed liricks (da/ed Bricks I-m. B ck, yu.ililii.s 
of Bricks Sand, Bree/e, and other Materials. Chalk-watcr -(.eneral Manufac ure ,, 
Bricks Claywashinp Haulage hand-Brickmaking Preparation.; the 1 aste- lugqing 
- Slop moulding - Sand moulding; - Drying Shnnkii.q Pr.-ssnit; ’v 1 "'Va “ 

Clamp Plastic Mouldin«- by M.achinery. W ire-cui I neks I >riok M.ichn t , .md 
CniTlImu Rolls ('.nndine Mills -Wet Pans. Mixers and Feeders. Pu.q-mills Mmithpiece 
Of w^-ind Viieer Machine-. IWprcssion Roller .Machines Ciittmi; Pahles Kepres^injt 

s - Drying. -T, a,,.,... Stl l-plastic 

rrocbb-'l.ll r.aalina Mad,aK-s. .Mill- I’.I.'vala.K S, reaw S,cvo. 

Kin. 

.i;ais^,;:h:-ioir.aanL 
Ki,„,--S,d.,n -.'Uaha.a-al llraa^ 

Chul^-^^^ Kiln. Setting, and liurning U^dra.ight 

"m/ 1 -iiiidit Kilns Horizontal drauuhtOr Contmiioiis Kiln (dazed Bricks. Firing, 

of Capital -Defective .Accounting —Index. 


THE MANUAL OF PRACTICAL POTTING Compiled 

bv l-xiicrts, and Edited hv Chas. R Rinns. I-ourlli hdilicm, Revibcd 
and Enlarged. Demy Svo. 2(K) pages. Dnc 
17s. ICId. Inline; ISs. 3d. abroad.) 


Price I7s.(i(l. net, (Post free, 
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POTTERY DECORATING. A Description of all the Pro- 
cesses for Decorating Pottery and Porcelain. By R. Hainbach. 
Translated from the German. Crown 8vo. 250 pp. Twenty-two 
Illustrations. Price 7s. Od. net. (Post free, 7s. lOd. home; 8s. abroad.) 


A TREATISE ON CERAMIC INDUSTRIES. A Complete 

Manual foi’ Pottery, Tile, and Brick Manufacturers. By Bmii.f, 
Bouruy. a Revised Translation from the French, with some Critical 
Notes by Ai.frki) B. Sfarlk. Demy 8vo. 808 Illustrations. 460 pp. 
Price 12s. 6d. net. (I^)st free, 18s. home; I8s. 6d. abroad,) 


Contents. 

Preface. DeHiiilion and Classification of Ceramic Ware. Hricf History of Ceramics. 
Raw Materials of Bodies, Plastic Bodies- -Properties anil Composition --Preparation — Puri- 
fication. Processes of k'ormation : Tliowinii, Expression. Moulding, I’ressing, Casting, Slip- 
ping. Drying^ Evaporation -Aeration Heat Absorption. ()l:t/es: Manufacture and 
Application. Firing; Properties of Bodies and Gla/es during Firing— Kilns. Decoration; 
.Materials and .Methods. Terra Cr.ttas -Briclis -Hollow Blocks Roofing Tiles Paving 
Bricks -Pipes - -Architectural and Decorative Terra-Cotta Common Pottery —Tobacco Pipes 
— Lustre Ware Tests. Fireclay Goods; Varieties, .Methods of Manufacture and Tests, 
Faiences: Classification, Composition, .Methods of .Manufacture and Decoration. Stoneware 
Paving Tiles -Sanitary Ware Fm- Domestic Purposes -lAir Chemical l^urposcs Decora- 
tive ()b,jects. Porcelain : Classiticalion -Composition -Manufacture - Decoration. 


ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Bna- 
mcllcd Terra cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Luon Lf.ff.vrk. 
Translated from the French by K. H. Bird, M.A., and W. Moore 
Binns. With Five Plates. 950 Illustrations in the Text, and numerous 
estimates. 500 pp. Royal 8vo. IVice l.S.s. net. (Post free, 15s. 6d. 
home; 16s, 6d. abroad.) 


THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By d. Howorth. Second Edition. 

Paper Cover. Price Is. net. (By post, home or abroad, Is. Id.) 


NOTES ON POTTERY CLAYS. The Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairik, F.G.S. 182 pp. Crown 8vo. Price 8s. 6d. 
net. (Post free, 8s. 9d. home; 8s. lOd. abroad.) 


HOW TO ANALYSE CLAY. By H. M. Ashiw. Demy 8vo. 

72 pp. 20 Illustrations. Price 8s. 6d. net. (Post free, 8s. 9d. home 
8s. lOd. abroad.) 
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A Reissue of 

THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES : AND THE RISE AND PROGRESS OF THE 
' MANUFACTURE OF POTTERY AND PORCELAIN. 

Witli References to (lenuine Specimens, and Notices of Eminent I’ot- 
ters. Ry SimeOxN Shaw. (Ori, finally published in IS'29.) 2(i5 pp. 

Demy 8vo. Price 5s. net. (Post free, 5s -Id. home; 5s. 9d. nbroad.) 


A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simi:on Shaw. 

(Originally published in 1837.) 750 pp. Royal 8vo. Price lOs. net. 
(Post free, Ids. (xl. home; 12s. abroad.) 


BRITISH POTTERY MARKS. By G. Wooi.i.isci^oft Khhad. 

Demy 8vo. 310 pp. With upwards of Twelve-hundred Illustrations of 
Marks in the Text. Price 7s. bd. net. (rk)St free, 8s. home; Ss. 3d. 
abroad.) 


(Glassware, Glass Staining and Painting.) 


RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Reing Leaves from the 
Mixing Rook of sever.al experts in the Flint (ilass Trade, containing 
upTo date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Second Ivdition. Crown 8vo. Price 10s. Od. net. 
(Post free, 10s. Oil. home; 10s. lOd. abroad.) 


Contents. 

f,. lor Mala- 

UI. w Cinarv Batch-Canary -White Opaque (,laNS-Sealing-\vax Ued- 

Flin^t Flint (Oass (Crystal and Demi)— Achromatic (ilass Paste Glass -White Enamel— 
FireLone-Dead White (for moons)-White Agate-Canary-Lanary F.numel Index. 


A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient (ilass. Ry Hhnkst R. Suffli^no. 
With One Coloured Plate and Thirty-seven II ustrations. Demy 8vo. 
1 40 pp. Price 7s. (xl. net. (Post tree, 7s. lOd. home ; . s. abioad.) 

Contents. 

- o. iv<tii*nini! Scale Drawings— Cartoons and the Cut Line 

A Short History 0 . J ‘ ■ VVindows-Thc Colours and Brushes used in Glass 
O" Pa„e™s-Diape«d l.a,ter„,-Acidin«-F,nng- 

Fret Lead Glazing— Index. 
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(Paper Making and Testing.) 

THE PAPER MILL CHEMIST. By Hknry P. STKViiNS, 
M.A., Ph.D., F.I.C. Royal 12mo. HO Illustrations. HOO pp. Price 
7s, Hti. net. (Post free, 7s. 9d. home; 7s. lOd. abroad.) 

Contents. 

Introduction. -Dealing with the Apparatus required in Chemical Work and General 
Chemical Manipulation, introducing the subject of (.Qualitative and Quantitative Analysis. 
Fuels.— Analysis of Coal, Coke and other Fuels Sampling and Testing for Moisture, Ash, 
Calorific Value, etc.— Comparative Heating Value of dilTerent Fuels and Kelative Hlficiency. 
Water.— Analysis for Steam Raising and for Paper .Making Purposes generally— Water 
Softening and Purification A last of the more important Water Softening Plant, giving 
Power required, Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials 
and Detection of Adulterants.— Analysis and Valuation of the more imroi’lant Chemicals 
used in Paper .Making, including Lime, Caustic Soda, Sodium Carbonate, .Mineral Acids, 
Bleach Anlichlor, Alum, Rosin and Rosin Size, Glue Gelatin and Casein, Starch, China Clay, 
Blanc Fixe, Satin White and other Loading .Materials, Mineral Colours and Aniline Dyes. 
Manufacturing Operations.— Rags and the Chemical Control of Rag Boiling— Esparto 
Boiling • Wood Boiling— Testing Spent Liquors and Recovered Ash Experimental 'fests 
with Raw Fibrous Materials— Boiling in Autoclaves- Bleaching and making up Hand Sheets 
— Examination of Sulphite Liquors — Estimation of Moisture in Pulp and Half-stiilT— Recom- 
mendations of the British Wood Pulp Association. Pinished Products.— Paper Testing, 
including I’liysical, Chemical and .Microscopical Tests, Area, Weight. Thickness, Apparent 
Specific Gravity, Bulk or Air Space. Determination of .Machine Direction, Thickness, 
Strength, Stretch, Resistance to Crumpling and Frictioc, Transparency, Absorbency and 
other qualities of Blotting Papers— Determination of the iVrrmeahility of Filtering Papers— 
Detection and Estimation of Animal and Vegetable Size in l^apcr Sizing Qualities of 
Paper— Fibrous Constituents — Microscopical Examination of Fibres — The Fifiect of P>eating 
on Fibres Staining Fibres Mineral Matter Ash -Qualitative and Ou.antitativt> F.xainina- 
tion of .Mineral Matter— Examination of Coated Papers and Colouring .Matters in Paper. 
Tables. — English and .Metrical Weights and .Measures with Equivalents — Conversion of 
Grams to Grains and vici' I't'/sii — Ivquixalent Costs per Ih., cwt.,and ton — Decimal J'iquivalents 
of lbs., qrs., and cwts.~ rhermometric and liarometric Scales— Atomic Weights and Molecular 
Weights — Factors for Calculating the I’crcentage of Substance Sought from the Weight of 
Substance I'ound — Table of Solubilities of Substances Treated of in l^tper Makin.g—SpeciHc 
Gravity Tables of such substances as are used in Paper Making, including Sulphuric Acid, 
Hydrochloric Acid, l.^leach, .Milk of Lime, Caust c Soda, Carbonate of Siula, etc., giving 
Percentage Strength with Specific Gravity and Degrees Tw. --Hardness Table for Soap 
Tests — Dew Point— Wet and Dry Bulb Tables -Properties of Saturated Steam, giving 
Temperature, Pressure and Volume— List of Difi'ereiit Machines used in the I'aper Making 
Industry, giving Size, Weight, Space Occupied, Power to Drive, Out-put and Approximate 
Cost — Calculation of .Moisture in I’lilfi — Rag-l^oiling Tables, giving I’ercentages of Lime, 
Soda and Time required- Loss in Weight in Rags and other Raw Materials during Boiling 
and Bleaching- Conditions of Buying and Selling as laid down by ihe Paper .Makers' Assotia- 
tion- Table of Names and Sizes of Papers-Table for ascertaining the Weight per Ream from 
the Weight per Sheet— Calculations of Areas and Volumes — Logarithms- -lilanU pages for 
Notes. 

THE TREATMENT OP PAPER FOR SPECIAL 
PURPOSES. By L. H. Andes. Translated from the 

German. Crown 8vo. 48 Illustrations. 250 pp. Price H.s. net. (Post 
free, Hs. 4d. home; Hs. Hd. abroad.) 

Contents. 

I., Parchment Paper, Vegetable Parchment. -The Parchment Paper Machine- 
Opaque Supple Parchment Paper Thick Parchment Krugler’s Parchment Paper and Parch- 
ment Slates Double and Triple Osmotic l^archment — Utilising Waste Parchment Paper — 
Parchmented Linen and Cotton— Parchment .Millboard Imitation Horn and Ivory from 
Parchment Paper — Imitation I’archmcnt Paper — z\rtiflcial Parchment— Testing the Sulphuric 
Acid. II., Papers for Transfer Pictures. III., Papers for Pre.servative and Packing 
Purposes.— Butter Paper— Wax Paper— Paraffin Paper -Wrapping Paper for Silverware- 
Waterproof Paper— Anticorrosive Paper. IV., Grained Transfer Papers. V.. Fireproof and 
Antifalsification Papers. VI., Paper Articles.— Vulcanised Paper Mache— Paper Bottles— 
Plastic Articles of Paper— Waterproof Coverings for Walls and Ceilings— Paper Wheels, 
Roofing and Boats— Pat er Barrels— Paper Boxes— Paper Horseshoes. VIL, Gummed Paper. 
VIII.. Hectograph Papers. IX., Insecticide Papers.— Fly Papers— Moth Papers. X., 
Chalk and Leather Papers.— Glacc Chalk Paper— Leather Paper— Imitation Leather. 
XL, Luminous Papers - Blue-Print Papers — Blotting Papers. XII., Metal Papers— Medi- 
cated Papers. XII 1., Marbled Papers. XIV., Tracing and Copying Papers— Iridiscent or 
Mother of Pearl Papers. XV,, Photographic Papers— Shellac Paper— Fumigating Papers— 
Test Papers. XVI., Papers lor Cleaning and Polishing Purposes— Glass Paper— 
Pumic Paper— Emery Paper. XVIL, Lithographic Transfer Papers. XIX., Sundry 
Special Papers — Satin Paper — Enamel Paper — Cork Paper — Split Paper — Electric Paper — 
Paper Matches— Magic Pictures— Laundry Blue Papers— Blue Paper for Bleachers. XX., 
Waterproof Papers— Washable Drawing Papers— Washable Card— Washable Coloured Paper 
—Waterproof Millboard— Sugar Paper, XXL, The Characteristics of Paper— Paper Testing 
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(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Enamel Makers, 

Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau. Translated from the German. Second and Revised 
Edition. With Sixteen Illustrations. Demy 8vo. 200 pp. Price 
lOs. (xl. net. (Post free, lOs. lOd. liome; 11s. abroad.) 

THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Second Edition, Revised. Crown 8vo. 00 pp. Price 
8s. Od. net. (Post free, 3s. Od. home ; 3s. lOd. abi-oad.) 


(Textile Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 

Worsted, Union and other Cloths). By Roui-rts Bhaumont, M.Sc. 
With 150 Illustrations of h'ihres, Yarns and Fabrics, also Sectional 
and other Drawings of Finishing .Machinery. Demy 8v(). 260 pp. 

Price lOs. 6d. net. (Post free, 10s. lOd. home; 11s. 3d. abroaii.) 

Contents. 

Woollen, WorsteJ and Union l-aln ics •1‘roeesscs of iMnishinj; and their lUl'ccts -The 
IVocess of SconrinK: Seoiirinj; Machines Theory of I'c-Ilmi': l-ahric Structure Compound 
Falirics Fulling* and Millinj* Maeliinery. The ’I'heory of Kaisin^ -Raising- .Machinery and 
the Itaisiii)* Frocesis Cnttiny;, Croppini; or Shearing Lustring; Processes and .Machinery- 
Methods of Finishing; Index. 


STANDARD CLOTHS. l>y Rohi-rts Bhaumont. 

I 1)1 lilt' Pl’fSS. 

FIBRES USED IN TEXTILE AND ALLIED INDUS- 
TRIES. By C. Ainswokth Mitciiw.i., B.A. (Oxoii.), F.I.C., 

and R M Priuraux, IM.C. With 66 Illustrations specially drawn 
direct from the Fibres. Demy 8vo. 200 pp. Price 7s. 6d. net. 
(I\ist free, 7s. lOd. home; 8s. abroad.) 

Contents. , „ 

Classification of Fibres. General Characienstics ()f Fibres— Micriiscopical lixammation 

Chemical \v„ol. VIciina-Camel Hair Aipaca Llama Hair— 

iMbres m Hair-Cow Hair -Horse Hair Deer Vlair Reindeer Hair 

Hair Human Hair Silk.- 

cm ‘ Recline -Waste Silk -History -Commercial Varieties ot Thread -Size of 

strength 

"f ‘ii-ie'Kic (iravilv — ’'hcmical Composition— I' ihroin — Scricm— Hydiolysis of 
oaf u- A nion of Chemicd Acents -Absorption of Tannin -Wei^hliti)- -Differentiation 

Silk Proteins -.Action Commercial Varieties-Structure of 

fhe ?Abre'‘ad/walls-Dimensions of l-.hre -Cltcmical Composition-Cellulose- -Action of 

PoiSTcoH m -tlouia ^“cotlon-Waterfnxrf^^^^ Mercerlseil Cotton.-Hislory- 

EBectuponStrcn>;th.M Fdu^e-Mea^^^^^^^^ ,j„en and Ramie-Linen: Source- 

ised ‘ Rl„x-Kcttink o^ Fla.x-Lustrous Linen-Use of Linen as a Textile 

Varieties of tomm re al „f Kea«ents-Physical Pro^^erties-Com- 

-Chanactenstics of the Fi^c ,,,^,^i,,„__History-Propcrties-Cornposition. 

position-Flax Wax. Ramie . Fibres. Vegetable Downs and Upholstery Flbres.- 

Jute and other Fibres^ Brush Fibw^^^ Galgal -Vegetable Silk-Asclepias 

Vc«c,ablo S,>k.-Vc«eUhl. Wo.,1- 

Tillandsia Fibre-Vegetable Horsehair. Index. 
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DRESSINGS AND FINISHINGS FOR TEXTILE 

FABRICS AND THEIR APPLICATION. Description 

of all the Materials used in Dressing Textiles; Their Special Pro- 
perties, the Preparation of Dressings and their Employment in 
Finishing Linen, Cotton, Woollen and Silk Fabrics. Fireproof and 
Waterproof Dressings, together with the principal machinery employed. 
Translated from the Third German Edition of Fkicdkich Polli-.yn. 
Demy 8vo. 280 pp. Sixty Illustrations. Price 7s. (ul. net. (Post 
free, 7s. lOd. home; 8s. abroad.) 

Contents. 

The Dressing Process and Materials for Same 5tiffenings and Glazes -Wheaten 
Stiu'cli Mai/e Starch Rice St.irch Buckwheat Starch -.Arrowroot Tapioca -Sa^o ■ 
Artichoke Starcli DifTcrentiatinj* and Bxamlning Starches — 'I'he Gelatini/.ation Temperature 
of Starches -Flour Protamol for Dressings and Sizes Adlie.sive Dressings Gluten 
Protein Glue •V'cgetahle Glue -Arbol (Jum Ap(iarallne— Vegetable Glue Dressing Pus- 
chcr's Vegetable Glue V'egctable Glue Containing I'at -Dextrin (British Gum) -Preparation 
of Dextrin -Gum, Gum Arabic -Feronia Gum Cherry Gum, l^lum Tree Gum— Testing Gum 
Arabic— Tragaeanth-* Vegetable .Mucilage -Carragheen .Moss ■ Iceland Moss -Hai-Thao 
Fleawort Seed - -fanseed- Peru tliiin -Ceylon .Moss -Canary Grass Seed Albumin Casein 
Caseo Gum— Glutin -Glue— Gelatine Starch Syrup Potato Syrup— Colophony (Rosin) - 
Materials for Soft Dre.ssings -Glycerine Wax— Paraffin Wax -Stcarine— 1-ats and Patty 
Oils— Soaps -Softenings -Dressings for Filling and Loading -.Alum Barium Chloride - 
Barium Sulphate- Barium Carbonate Mlcaching Powder Lead Sulphate Gypsum Cal- 
cium Chloride— Magnesium Chloride -Sodium Sulphate — Glauber Sail— .Magnesium Siilpli.ate 
(F.psom Salt) — .Magnesium Carbonate— Magnesia While -.Magnesium Silicate— China Clay 
(Aluminium Siliealc) Zinc Chloride -.Alkali Silicates— Water-Glass Antiseptic Dressing 
Ingredients -Dyeing and Blueing Agents— Ultramarine Blue Paris Blue Soluble Pans 
Blue -Incligocarmine Various Dressings Hndosmin- -Ban de Crystall Crystalllixe— 
Lukon—Algin—Paramenline— Cream Softening Noi gine -Dressing Soaps InirnTragasol - 
Senegalin -Monopol Soap- I.iquid Size for Dressing Bleached and Coloured Fabrics - 
Vegetable Gum Dressing (him Substitute— S. Size— Puntschart's Vegetable Glue V'egetable 
Glue and P. Size The Preparations of Dres.sings— Various Adjuncts to Dressing Pre- 
parations— Fatty .Adjuncts Potato Starcli and Rosin Adjunct— Dressing Composition Hai- 
Thao Dressing -Appliances for the Preparations of Dressings Rushtun's Size Boiler- 
Sifting Machine Kecipes for Dressings- Dressings for Linens -lAir Medium Finish For 
Heavy Finish -For Very Heavy Finish -Damask Dressings For Crash Linens For Very 
Glossy Linens -Dressings for Black Cottons — Black Gl.iec Dressings — Black Dressing for 
Hall Woollens Yarn Dressings Laundry Glazes Yarn Sizing Finishing Woollen 
Goods — Silk I-'inish for W'ool l.ooke's Dressing for Worsteds -Dressing for F'lannels and 
Woollens - Dressing for Heavy Trouserings— Dressing for Inferior Woollens— I Votamol 
Dressing for Wool -Dressing for Worsteds, Cheviots, and Half-Woollcns—Back Dressing for 
Worsteds Finishing Woollens by the Hlectric Current- Finishing Silk Fabrics - Single 
Dressing for Silk Full Dressing for Silk -Amber Dressing Finishing Half-Silk Satins - 
Waterproof Dressings— Alexandcrson's Recipe -Recipe of Arieny-Flouy, Bayol and Laurens 

— Balard’s Recipe— Clicvallot and Girres’ Recipe — l•clton's Recipe -Kappelin’s Recipe ' 
Sorel's Recipe -Waterproof Dressing lor Linens and Cottons Half-Woollens— Jacquelin's 
Process of Waterproofing Linens, Cottons, Woollens and Silks— Baswitz's Recipe —Docring’s 
Recipe Various Waterprooling Recipes Fireproof Dresslng.s— Special Finishing Pro- 
cesses Imparting a Silky Appearance to Vegetable Fibres -Silvering and Gilding Silk- 
Flexible Mother-of-Pcarl Design on Various Fabrics -.Met.il Lustre F'lnishes -Applying 
Spangles to I'ahries -Colour Photography on Woven Fabrics--GoId and Silver Designs- 
Applied by Heat -Imitating Fanbroidcry and Lace— Silvering and Gilding Silks— Velvet liffect 

- Fmbossed .Metal or Colour Designs on Velvet — .Metallizing Clothing .Materials — Bouillone 
Finish— The Application of Dressing Preparations Testing Dressings. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from tlte German by Charles Saltf.r. 
320 pp. Forty-seven Illustrations. Royal 8vo. Price 10s. Od. net. 
(Post free, 11s, home ; 11s. 3d. abroad.) 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 
from the German of Anthon Gruner. With Twenty-8ix Diagrams 
In Colours. 150 pp. Crown 8vo. Price 7s. (xi. net. (l^ost free, 
7s. 9d. home ; 8s. abroad.) 
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TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spintiing Process.) By Julius 
Z iPSKR. Translated from German by Charlks Saltkr. 302 Illus- 
trations. 500 pp. Demy 8vo. Price 10s. Od. net. (Post free, lls. 
home ; lls. (Sd. abroad.) 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbkt, 

Weaving and Designing Master, Bolton Municipal Technical School. 
Demy Svo. 280 pp. 490 Illustrations and Diagrams. Price 8s. net. 
(Post free, 8s. 4d. home; 8s. 8d. abroad.) » 

Contents. 

Thk Pi.AiN Weavi; and its Modiitcations. Twii.i. AM) KiNDuiai Weaves.— C lassili- 
cati.in of ’I will Weaves. Diamond and Iundhi-I) Wicaves. Hedi'oud Couds. Hacked 
Fahuics. Fustians. Tehkv File Fabrics. Cauze and Leno Fabrics. Tissue, Laeeet, 
AND Swivel Fiouring ; alsoOndui.i Hefkcts, and Looeeu I'abrics. 

ART NEEDLEWORK AND DESIGN. POINT LACE. A 

.Manual of Applied Art for Secondary Schools and Continuation Classes. 
By M. B. W ilkinson. Oblong quarto. With 22 Plates. Bound in 
Art Linen. Ih-ico 3s. 8d. iiel. (l>ost free, 3s. lOd. home; 4s. abroad.) 

Contents. 

Sampler nf Laee Stikhes Direclams for woiUmii Point Lace, tl•aeln^ l^itlcrns, etc.-- 
List nf .Materials and Implements required for working. Plates I., Simple Lines, Straight and 
Slanting and Designs formed from them. II., Patterns tormed from lanes m previous 
Lesson. III., Patterns formed from lanes in previous Lesson. IV.. Simple Curves, and 
Designs formed from them, V., Simple Leaf form, and Designs formed trom it. VL. h.le- 
mentaiy Geometrical forms, with Detlnitions. VI 1.. Exercisers on previous Lessons, V IL, 
Filling of a Square, Oblong and Circle with I.ace Stitches. IX,. Design for Fie End, based 
on smiple I.eaf foimi. X..'Lace HutterHies (l-reehand). XL. Twenty simple Designs evolved 
from Honiton P.raid Leaf. XII.. Design for Lace Handkerchief based on previous Lesson 
XIII,. Design for Tea-cosy. XIV., Freehand Lace Collar. \\ .. Lrcehand Lace Cutf (to 
match). XVI.. Application of Spray from Lesson XI. .>^^11 Adaptation ol 
a Square, for Lace Cushion Centre. XVllL. Conventional Spray for conier 
XIX., Geometrical form for Kosebowl DOyley. to Be nrigma ly filled m, XX.. .eometrieal 
form for Flower-vase D Oyley. to he originally filled m. Each Lesson contains Insti iictions 
for Working, and application of new Stitches trom Sampler. 

HOME LACE-MAKING. A HaiKibook tor IcachcM's and 
IHipiL. By M. B. W’. .Milrov. Crown 8vo. 84 pp. With 3 Plates and 
9 Diagrams. Price Is. net. (1 ’ost free, Is. 3d. home ; Is. 4(.l. abroad.) 

THE CHEMISTRY OF HAT MANUFACTURING. Lec- 

Lurcs delivered before the Hat Manufacturers’ Association. By W'at- 
sox S.M 1 TII, B.C.S., I-M.C. Revised a.td Edited by Alhl.rt Shoxk. 
Crown 8vo. I3'i pp. 18 Illustrations. Pttce7s.8d.net. (Post free, 

THE TECHNICAL 'testing OF YARNS AND TEX- 
TILE FABRICS. Witli Reference to Ofiicial Specifica- 
tions. Translated from the German of Dix J. Hkrzfhld. ^f^cond 
Edition. Sixty-nine Illustrations. 2()() pp. Demy 8vo. Pnee lOs, 8d. 

DECOR'ATivE ' ' fIncV''’ TE W FABRICS 

BvK T I-OBl). I'or Mamil'acturcrs and l)csi);nci sol C.>i pet!,, Damask, 

Dress and all Textile Kabries. 20(1 pp. Demy Sv,). Idi Designs and 
Illustrations. l>riee-7s. (Id. 

THEORY AND PRACTICE OF DAMASK WEAVING. 

By H. Kinzeb and K. Walter. Rnyal Svo. y^\y- 

Six Illustrations. Translated from the Oennan. 110 pp. l iieeSs. (d. 

net. (l^JSt tree, 9s. home; 9s. 8d. abroad.) 

n 1^ Dvill (Ticking, Handloom-made) — Whole 

The Various Sorts ^ Damask t;o„necting-vvarp Threads— Furniture 

Damask for Tablecloths— Damask wit ' „ , ‘ The Manufacture of Whole Damask 

Damask—Lampas or limit Cross-Shedding The Altered Cone-arrangement- 

-Damask Arrangement with and ^ t Roller^ Principle-The Combination of the 

ScViiSiS special (.aaiask A,ach.„c-Th. Co^bipa. 

'tion of Two Tyings. 
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FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas 

Reiser. Translated from the Second German Edition. Crown 8vo. 
Sixty-threc Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 4d. 
home; 5s. 6d. abroad.) 

Contents. 

Improperly Chosen Raw Material or Improper Mixtures -Wrong Treatment of the 
Material in Washing, Carbonisation, Drying, Dyeing and Spinning— Improper Spacing of the 
Goods in the Loom — Wrong Placing of Colours— Wrong Weight or Width of the Goods 
—Breaking of Warp and Weft Threads— Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as T.angles, Thick Knots and the Like -Errors in 
Cross-weaving— Inequalities, i.f.. Bands and Stripes— Dirty Borders — Defective Selvedges — 
Holes and Buttons — Rubbed Places— Creases -Spots— Loose and Bad Colours— Badly Dyed 
Selvedges— Hard Goods— Brittle Goods— Uneven Goods — Removal of Bands, Stripes. 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 

relating to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. IGO pp. Demy 8vo. 1904. Price 10s. (xl. net. 
(Post free, l().s. UKl. home; lls. abroad.) 

WORSTED SPINNERS’ HANDBOOK. By H. I\irni:h, 

Crown 8v(). About 17(S pages. \I ii t)u' pi'i s^s. 

ANALYSIS OF WOVEN FABRICS. By A. F. Barker, 

M.Sc., and F. Midolky. Demy Svo. SIO pp. Numerous Tables, 
Examples and 82 Illustrations. Ih'ice 7s. Od. net. (Post iVee, 7s. lOd. 
home ; Ss. abroad.) 

WATERPROOFING OF FABRICS. By Dr. S. Mierzinski. 

Second l^dition, Revised and Enlarged. Crown 8vo. 140 pp. 29 
Illustrations. Price .5s. not. (Post free, 5s. 4d. home ; 5s. Hd. abioad.) 

HOW TO MAKE A WOOLLEN MILL PAY. By John 

Mackik. Crown Svo. 76 pp. Price 8s. 6d. not. (INtst free, 8s. 9d. 
home; 8s. lOd. abroad.) 

Contents. 

Blends, Piles, or Mixtures of Clean Scoured Wools— Dyed Wool Book — The Order Book 
— Pattern DuplicaO' Books Management and ( ivcrsiglit— Constani Inspection of Mill De- 
part ments— Importance of Delivering Goods to Time, Shade, Strength, etc.- Plums. 

YARN AND WARP SIZING IN ALL ITS BRANCHES. 

Translated from the German of Cari, Kretsch.mar. Royal Svo. 123 
Illustrations. 1.5t) pp. Price 10s. 6d. net. (Post free, 10s. lOd, home; 
11s. abroad.) 

Contents. 

The .Materials to be Sized— Linen or I’lax Ramie and dute- Wool The Materials used 
ill Sizing -Tlie Sized Material -Tlie Sizing Process; (ii) Appliances for, and Method oF, pre- 
paring the size; (/)) Sizing the Yarn in Hanks or Warps by hand ; (i) Machine Sizing Sizing 
Recipes For I^irFerent F.ffects Combined Dyeing and Sizing— The Purchase and Testing of 
Sizing Ingredients. 

{Ft)!' “ Tcxlilr Soaps and Oils'' sec p. 7.) 

(Dyeing, Colour Printing, Matching and 
Dye-stuffs.) 

THE COLOUR PRINTING OP CARPET YARNS. Manual 

for Colour Chemists and Textile Printers. By David Paterson, 
F.C.S. Seventeen Illustrations. 186 pp. Demy Svo. Price 7s. 6d. 
net, (Post free, 7s. lOd. home; 8s. abroad.) 

Contents. 

Structure and Constitution of Wool Fibre- Yarn Scouring — Scouring Materials— Water for 
Scouring— Bleaching Carpet Yarns— Colour Making for Yarn Printing — Colour Printing 
Pastes— Colour Recipes for Yarn Printing— Science of Colour Mixing— Matching of Colours 
--‘‘Hank’’ Printing — Printing Tapestry Carpet Yarns — Yarn Printing — Steaming Printed 
Yarns— Washing or Steamed Yarns Aniline Colours Suitable for Yarn Printing— Glossary of 
Dyes and Dye-wares used in Wood Yarn Printing— Appendix. 
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TEXTILE COLOUR MIXING. A Manual intended for 

the use of Dyers, Calico Printers and Colour Chemists. By David 
PatkrsON, F.R.S.B., F.C.S. Formerly published under title of “ Science 
of Colour Mixing Second Revised lulition. Demy Hvo. 1 10 pp, 41 
Illustrations with 5 Coloured Plates and 4 Plates showinji; Dyed Speci- 
mens. Price 7s. Od. net. B\)st free, 7s. lOd. home; 8s. abroad.) 

lyiist I'lihlishcd. 


DYERS' MATERIALS: An Introduction to the Examination, 

Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Pal l Hf.erman, Ph.D. 
Translated from the German by A. C. Wright, M.A. (Oxon.), B.Sc. 
(Bond.). Twenty-four Illustrations. Crown Hvo. 150 pp. Price 5s. 
net. (Post free, 5s. 4d. home; 5s. (id. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual in- 

tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens Of DyOd 
Fabrics* Demy Hvo. 1112 pp. Price 7s. (id. net. (Post fi'ee, 7s. lOd. 
home ; Hs. abroad.) 

COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By Gkohgi-: H. Hurst, F.C.S. With Ten 

Coloured PlatOS and Seventy-two Illustrations. KSO pp. Demy Hvo. 
Price 7s. (id. net. (Post free, 7s. lOil. home; Hs. abroad.) 


Reissue of 

THE ART OF DYEING WOOL, SILK AND COTTON. 

Translated from the French of .M. Hellot, .M. .Macquer and M. lh 
PiiFUK D’Aelignv. First Published in English in 1789. Six 1 kites. 
Demy Hvo. 44li pp. Price .5s. net. (Post free. as. (id. home; (is. 
abroad.) • 


THE CHEMISTRY OF DYE-STUFFS. By Dr. (ji-orc. vox 

Georiuevics. Translated from the Second German bldition. 412 pp. 
Demy Hvo. Price lOs. (id. net. (IVist free, 1 Is. home ; 1 Is. (xi. abroad.) 

THE DYEING OF COTTON FABRICS; A Practical 

Haiidbaok for the Dyer and Student. By lotANiCLiN Beech Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations caching 
and Dyeing Machinery. Demy Hvo. Price /s. (xl. net. (I osL f.cc, 
7s. lOd. home; Hs. abroad.; 

THE DYEING OF WOOLLEN FABRICS. By 1*ham<i.in 

Bpfch Practical Colourist and Chcnisl. Tl.irty-three illustrations. 
Dc!ny Svo pp. Price 7s. (VI. net. (Pust tree, 7s. I(W. hon.c ; 

Hs. abroad.) , 


(Silk Manufacture.) 

«TT K throwing and waste silk spinning. 

De.y8vo. .7.1 pp. i.7 Price8s.net. 

(Post free, 5s. 4d. home ; 5s. (id. abroad.) 
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(Bleaching and Bleaching Agents.) 

A PRACTICAL TREATISE ON THE BLEACHING OP 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Grddes McIntosh. Demy 8vo. 308 pp. Twenty 
Ulus. Pricer2s.6d.net. (Post free, 13s. home ; 13s. 6d. abroad.) 

MODERN BLEACHING AGENTS AND DETERGENTS. 

By Professor Max Bottlkr. Translated from the German. Crown 
Svo. 16 Illustrations. 160 pages. Price 5s. net. (Post free, 5s. 3d. 
home ; 5s. 6d. abroad.) 

Contents. 

Bleaching Agents Old and New Bleaching Methods and Bleaching Agents— Sodium 
Peroxide— Perborates— Ozone— Sodium Bisulphite and Hydrosiilpluirous Acid— Discharging 
Colour from Textile Fabrics with Hydrosulphurous Acid— I'crmnnganatc— Hydrogen Per- 
oxide-Bleaching h'ats, Oils, Wax and Paraffin -Solid, Stable Calcium Hypochlorite and 
Bleaching Soda— Klectric Bleaching— Detergents -Benzine Soaps— extractive Detergents 
and Detergent Mixtures — Carbon Tetrachloride — Aceto Oxalic Acid as a Detergent ; Special 
INlcthods of Removing Stains Bleaching Processes Used in Chemical Cleaning— Hydrogen 
Peroxide as a Detergent' -Oxygen as a Detergent- Sodium Peroxide as a Detergent — Sundry 
New Detergents and Cleansing Agents. 

(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

COTTON SPINNING ([-'irst Year). Ity Thomas TiioiiNi-EV, 

Spinning* Master, Bolton Technical School. 160 pp. Eij^lUy-four Illus- 
trations. Crown 8vo. Second Impression, Price 3s. net. (Post free, 
3s, 4d. home ; 3s. 6d. abroad.) 

COTTON SPINNING (Intermediate, or Seeond Year). By 
Thomas Thornlhy. Second Impression. 180 pp. Seventy Illustra- 
tions. Crown Svo. Price 5s. net. (Post free, 5s. 4d. home; 5s. 6d. 
abroad.) 

COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornlhy. 216 pp. Seventy-four Illustrations. Crown Svo. Second 
Edition. Price 5s, net. (Post free, 5s. 4d. home; 5s. 6d. abroad.) 

COTTON COMBING MACHINES. By Thos. Thornlhy, 

Spinninj^ Master, Technical School. Bolton. Demy Svo. 117 Illustra- 
tions. 300 pp. Pricc7s.6d.net. (Post free, 8s. home ; 8s, 6d. abroad.) 

COTTON WASTE; Its Production, Characteristics, Regula- 
tion, (Jpening, Carding, Spinning and Weaving. By Tiios. Thornlhy. 
Demy Svo. 286 pp. 60 Illustrations. Price 7s. 6d. net. (Post free, 
7s. lOd, home ; Ss, abroad.) 

Contents. 

The Production, Characteristics, and Regulation of Cotton Waste. -Ihe Use of 
Cotton Waste — I'hc Malong of Waste in Cotton Mills; Introduction— The Blowing-room — 
Various Kinds of W.aste Dropyings -Waste from Crighton Opener with Hopper Feeder- 
Scutcher Droppings— The Leaf Bars -LicUer-in l-'ly — The Beater Bar.s of Openers and 
Scutchers— The Schaclibaum Bars - Testing ft>r Waste — Calculations on Waste per cent. — 

Summary of Wastes- Carding Engine Waste — Card Strips Long Fibre in Flat Strips — The 

Stripping of Flat Cards— Removal of Stripping Dust— Claims for Vacuum System of Stripping 
Cylinders and Doffers of Cards- Dust Extraction and the Wire Clothing of a Card— Vacuum 
System of Stripping— The Front I'late of the Carding Engine— Communications on the Front 
Plate Question sent to the Author— Holland’s Web Conductor for Carding Rngines—Hand 
Cards— Undercasings— Comber Waste— The Disposal of the Comber Waste— I..ecture— De- 
fects in Rovings; Their Causes and Remedies — The Work on Self-acting Mules—Spinning 
Waste, Middle Iron Roller Laps, Fluker Rods, and Crows for Mule Bottom Rollers— Banding 
— A Manager’s Letter on Waste in Cottiin .Mills — The Waste Question — Waste and Stop- 
ny)tion8 for Doubling Frames— Extra Waste from Inferior Cotton— Fuller Details of Waste in 
Indian Mills— Double Yarn on Ring-Frames. [Conlinued on next /iHgti. 
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CONTENTS OF COTTON \\’\STll-{umtinued). 

Treatment of Best Cotton Wastes in Cotton-spinnintt Mills, with Other Notes.-- 

Trt-ulment of Kovinj< Waste— Rovinj* Waste Openinji -Modern Kovinn Waste Openers-- 
Delivery of Waste — lllendinj* of the Waste from Kovinij Opener l^xcessivc Use of Waste-— 
The Cylinder La>^s of Kovinj.; Waste Opener— The Oearinji -Anothcr Make of Kovinn Waste 
Opener- — -Thread Kxtractor — Autunuitic Feed— Process of Kocoverin){ (lOod Cotton from Caul- 
in^ hn^ine Strips— Letter on Cotton Mill W’aste. 

The Opening- and Cleaning of Cotton Waste.— Summary of Machines more or less 
used in the Treatment of Cotton Waste I’ossible Systems of Machinery m using Cotton 
Waste- Mixings— Soaping Apparatus • Opening and Cleaning of Cotton Waste : 

Remarks— Productions— The Willow— Central Feature: Strong Spikes— A Make of Willow- 
General Appearance of Willow— Spiked Cylinders- Weighting of Feed Rollers - Preparation 
System— Cop-bottom Machine— Blow-room Fires— Heavy Driving— The Soaper- Systems ot 
Machines— The Scutcher— Kxtra Beaters Cop-bottom Breaking Machine*— Single Beater 
Lap-forming Scutching Machine with Hopper Feeder- The Scutcher Bars and Lap-licking— 
Hard Knds— The Crighton. 

The Carding of Cotton W'aste.- Rollers and Clearers-Aclion of Roller and Clearer- - 
Speciheatinn of Cotton W'aste Card-Tbe Cylinder- The Wire Covering -Methods of K^edmg 
the Breaker Card- Double Lap Method- Single- breaking Carding hngine- Methods of heed- 
inti the Kir.ishc- Up Drum The Sc..tch l-eud 1 'u K"ller; - 1 hf, U" 'V "T 

Derby Doubler for Cotton Waste-Improved l.attice K-ed- The hancy and 
Rollers- The Fancy Rollcr-Single-finishmg Curding l-.ngine- lireaker and bin slier C. rds 
Combined with Scotch Feed-Methods ot Delivering Ct.Uom W'aste from 1;;”'^"“' 

The Preparation System— The Ring DoHer Syslem--Ruhbers-lhe lape 
Rubbers -Patent “ Leather Tape ” Condenser -Waste Carding, Side Slivers--! .ittnt loi 1 er 
fecting Side Ends in Carding Engines Remarks on Cotton Waste 
Feeding Machine for Breaking Carding hngines-Smg e 

Oiiadnmio Coiling and Can Motion -Adjustment of Rollers and Clearers 1 lat Ca d Ihe 
••Hui 2 ond - Dirt- K'ollers : (iencral Remarks -The Umversa Caring 

PriSe Universal Cc.tt.m Waste Set. 71 in. wide Tape Condensers-Double Dolhng 
AliWucnt for Cotton Waste Cards-Other Double Dorter Condensers^ 

-The Waste Card Condenser -Feed Rollers of Card Special M in'p,!„ved 

W'aste Carding l-:ngmes ; Double Cards Condenser Combined Driving for C.ods Imptosed 

W'.aste Slubbing Frame for Preparatory System. „ . - „ ^ru 

Final spinning: Madiinas lor Cottan Waste. I’ecn hur Sr'""'"S 

AC I OK M Di I.. M„1 p with Cotton Headstock- Driving for Variable Spindle 

• rS hlk "m."uuv WinJioe Chch Molion-Detuls S|s;cuil Molums -Ouuge and Speed 
— Rine 1-rame for Cotton Waste. ^ 

tu wa. was. m shed,- 

&,p Shea ering -Impnnesl rub.dar « v„„s_.Appr,.sanate Price, oF Colton 

Various Notes. , t-ondrnscr Yarns- Colton Seed Prodiiets -The Condenser 

"VrydS'kiStmiys ',!irii-aS:., ',»-yrw“ 

Cotton Ble:iching-W f ?’ w ,ste -Danger of Flannelette-Candlewick -Carpet 

Co^y-OmieS Wasles-Woollcn .Mill Wasles-lndian Kaw Collon- 

THE RING SPINNING FRAME; GUIDE FOR OVER- 
LOOKERS AND STUDENTS. By N. Booth Crnvvn 

pages. Pi-ice3s.net. (Post free, 3s. 3d, home ; .Is, bd. abroad.) 

CFlax. Hemp and Jute Spinning.) 

modern flax, hemp and jute spinning and 

twisting a Practical Handbook for the use of 1 1^, 
A ^ Sninners Thread, Twine and Rope Makers. By 
Hemp Manager, Textile Expert and Engineer, 

Herbert R. Ct^I^Sninn nL to the City and Guilds of London 
92 Illustration 200 pp. Price 
'red net. (Post free, 7s. 9d, home ; 8s. abroad.) 
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(Collieries and Mines.) 

RECOVERY WORK AFTER PIT FIRES. By Robhrt 

Lamprkcht, Mining Engineer and Manager. Translated from the 
German. Illustrated by Six large Plates, eontaining Seventy-six 
Illustrations. 175 pp. Demy 8vo. Price 10s. Od. net. (Post free, 
10s. lOd. home; 11s. abroad.) 

VENTILATION IN MINES. By Robkrt Warner, Mining 

Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations. 240 pp. PrieelOs.bd.net. (Post free, 
11s. home ; I Is. dd. abroad.) 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By 

W. Galloway Duncan, Electrical and Mechanical Engineer, Member 
of the Institution of Mining Engineers, Head of the Government School 
of Engineering, Dacca, India ; and David lh:\MAN, Certificated Colliery 
Manager, Lecturer in .Mining to Fife County Committee. Demy 8vo. 
dlO pp. 155 Illustrations and Diagrams. Price 10s. Hd. net. (Post 
free, lls. home; 11s. dd. abroad.) 

(Dental Metallurgy.) 

DENTAL METALLURGY : MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Orii-i iths, Ph.I). Demy 

8vo. Thirty-six Illustrations. 200 pp. Price 7s. (xl. net. (Post free, 
7s. lOd. home; Ss. abroad.; 

Contents. 

Introduction— ldiysic;il IVopcrtics of tlic .Metals -.Action of Certain ,Aj;ents on .Metals— 
Alloys -Action of Oral liacteria on Alloys— Theory and Varieties of Blowpipes Elu.xes ~ 
Eurnaces and Appliances- -Heat and Temperature Gold -.Mercury -Silver— Iron — Copper — 
Zinc — Ma^tnesiurn — Cadiniuui -Tin -Lead — .Alunntiiiun .Xiuiinony Bisuiutli — Ealladium — 
l^latinum- Iridium — Nickel — Practical Work -Weij>his anti .Measures. 

(Engineering, Smoke Prevention and 
Metallurgy.) 

THE PREVENTION OP SMOKE. Combijicd with the 

Economical Combustion of I'ucl. By \V. C. Popplhwhll, M.Sc., 
A.M. Inst., C.H.. Consulting Engineer. Forty-six Illustrations. 190 pp. 
Demy 8vo. Price 7s. (xl. net. (I^)st tree, 7s. lOd. home ; 8s. dd. abroad.) 

Contents. 

Enel and Combustion-- Hand I'iring in Boiler Eiirnaces— Stoking by Mechanical Means— 
Povtdered Fuel — Gaseous Fuel— lifticiency and Smoke Tests of Boilers — Some Standard 
Smoke Trials — The Legal Aspect of the Smoke Question -The Best Means to be adopted for 
the Prevention of Smoke— Index. 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. Translated from the 
German. With 103 Illustrations. Price 5s. net. (Post free, 5s. 4d. 
home ; 5s. (id. abroad.) 

THE HARDENING AND TEMPERING OF STEEL* 
IN THEORY AND PRACTICE. By Fridoun Reiser. 

Translated from the German of the Third Edition. Crown 8vo. 
120 pp. Price 5s. net. (Post free, 5s. fid. home ; 5s. 4d. abroad.) 

SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Frkihrrr V, JuRTNKK. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. Price 10s. Od. net. (Post free, lls. home; 
lls. Hd. abroad.) 
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EVAPORATING, CONDENSING AND COOLING 
APPARATUS. Explanations, Formula.' and Tables for Use 
in Practice. By E. Hausbuand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. DemytSvo. Price lOs. Od. net. 
(Post free, 1 Is. home ; 11s. Od. abroad.) 


(The “Broadway” Series of Engineering 
Handbooks.) 

Uniform in Size : Nunnmf ('rmon ^vo. {To fil I’ockrt.) 

Voi.i MH 1. -ELEMENTARY PRINCIPLES OF RE- 
INFORCED CONCRETE CONSTRUCTION. Hy 

I'^VART S. Andri-ws, B.Sc. Eng. iLond.). 200 pp. With 57 Illus- 
trations, Numerous Tables and Worked Itxamples. Price .Is. net. 
(I’ost free, Os. Od. home; Os, Od. abroad.) 

VoLUMii II.— -GAS AND OIL ENGINES. Hy A. KiI’Jschki-:. 

Translatcil and Keviseil from the Berman, and adapteil to bmglish 
practice. 100 pp. 55 lllustr.ations. Price ds. net. (Post Iree, 
ds. dd. home; ds. Od. abroad.) 

VoLt MH I II. -IRON AND STEEL CONSTRUCTIONAL 
WORK. By K. Sc’him)i.i-k\ Translated and Revised Ironi 
the German, and adapted to l-aiglish practice. MO pp. 115 Illus- 
trations. Price ds. (kl. net. (Post free, .ds. Od. home ; Is. abroad.) 


Voi.i ,MB IV. TOOTHED GEARING. Hy (T T. White, 

B.Sc. (Bond.). 220 pp. IdO Illustrations. Price ds. Hd. net. (Post 
free, ds. 9d. home; 4s. abroad.) 

Volumi- Y.— steam TURBINES: ddieir Theory and Con- 
struction. Bv H. Wir.DA. Translated and Revised Irom the 
(Icrman, and adapted to Ivnglish practice. 200 KB Illus- 

trations Price :is. (kl. net. (Post free, ds. 9d. home ; 4s. abroad.) 


Volume VI. CRANES AND HOISTS. Their Construction 

and Calculation. By II. Wii.o.v. Translated from the (ku-man ; 
revised and adapted'to P>riti;h practice. KkS pp. .d99 illustrations. 
Price ds. (kl. net. (Post free, ds. 9d. home ; 4s. abroad.) 

VoLU.Mi: VH.- FOUNDRY MACHINERY. Hy E. Tkeihhr. 

Translated IVom the German ; revised and adapted to British practice. 
MS pp. 51 Illustrations. Price. ds. (id. net. (Post iree, ds. tjd. home ; 
Is. abroad.) 


VolUMF VIII.— MOTOR CAR MECHANISM. Hy W. E. 

DoMMh-iT, Wh.lk., A.M.I.A.E. 2(10 pp. 102 Illustrations. Price 
ds. Gd. net. (P*)st free, ds. 9d. home ; Is. abroad.) 

Voia ME IX.— ELEMENTARY PRINCIPLES OF ILLUM- 
• INATION AND ARTIFICIAL LIGHTING. Hy A. 

Blok, B.Sc. 240 pp. 124 Illustrations and Diagrams and 1 Folding 
Plate. Price ds. (ki. net. (Post free, ds, 9d. home ; 4s. abroad.) 


Volume X.-HYDRAULICS. By E. H. Sfeau.ue, 

190 pp. With Worked Examples and SO Illustrations, 
net. (Post free, ds. 9d. home; 4s. abroad.) 


A.M.l.C.E. 

Price ds. (kl. 
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Volume XL— ELEMENTARY PRINCIPLES OF SUR- 
VEYING. By iM. T. M. Ormshy, ALl.C.R.L 244 pp. 
With Worked I’.xampics and KkS Illustrations and Dinji^rams, ineludiii}; 
4 P'oRling Plates. Price 4s. net. (Post free, 4s, dd. lioivie • 4s dd 
abroad.) 

Volume XIL— THE SCIENCE OF WORKS MANAGE- 
MENT. By (loiiN IUthy. 232 pp. Price 4s. net. (Post 
free, 4s. dd. home ; 4s. (id. abi’oad.) 

Volume XIII. THE CALCULUS FOR ENGINEERS. 

By Ewart S. Andrews, B.Se. b'n^. (I.ond.), and II. Brvon M^:v\^■()OI), 
D.Sc. (Paris), B.Se. (Loud.). 2S4 pp. 102 Illustrations, \\4th Tables 
and Worked Examples. Price 4s. net. (Post free, 4s. dd. home; 
4s. Hd, abroad.) 

Volume XI\\ — LATHES: Their Construction niul Operation. 

By G. W. Burley, ■•Wh. Ex., A.M.I.M.E. 244 pp. 200 Illustrations. 
Price ds. (Sd. net. (Post free, ds. Od. home; 4s. abroad.) 

1 Just published. 

Voi.uMK XV.— STEAM BOILERS AND COMBUSTION. 

By John Bati:v. 220 pp. 18 Diagrams. IVice 4s. net. (Post free, 
4s. dd. home; 4s. Od. abroad.) [Just published. 

Volume XVI. —REINFORCED CONCRETE IN PRAC- 
TICE. By A. Ai.iun H. Scorr, M.S.A., M.C.I. 190 pp. 

IdO Illustrations and Diagrams and 2 lAilding Plates. Price 4s. net. 
(Post free, 4s. dd. home; 4s. 6d. abroad.) published. 

[IN PRBPARATION.I 

STABILITY OF MASONRY. By B. H. Sprague, A.M.I.C.B. 
BRIDGE FOUNDATIONS. By W. Burnside, M.I.C.B. 

PORTLAND CEMENT. Its Properties and Manufacture. 

By P. C. H. West, F.C.S. 

TESTING OF MACHINE TOOLS. By G. W. Burley, 
Wh.Ex., A.M.I.M.E. 

CALCULATIONS FOR A STEEL FRAME BUILDING. 

By W. C. Cocking, M.C.I. 

GEAR CUTTING. By G, W. Burlkv, Wh.Ex., A.M.I.M.E. 

MOVING LOADS BY INFLUENCE LINES AND 
OTHER METHODS. By E. H. Si-kaour, A.M.l.C.E. 

THE STABILITY OP ARCHES. By E. H. Spraouk, 

A. M.l.C.E. 

DRAWING OFFICE PRACTICE. By W. Clegg. 
ESTIMATING STEELWORK FOR BUILDINGS. By 

B. P. F. Gi.I'RD and S. Bylandkk, M.C.I. 

THE THEORY OP CENTRIFUGAL AND TURBO 
PUMP. By J. Wells. 

STRENGTH OF SHIPS. By James Bertram Thomas. 

MACHINE SHOP PRACTICE. By G. W. Burley, Wh.Ex., 

A.M.I.M.E. 

Prospectus giving full Contents of any of the above volumes in preparation will 
be sent, when ready, to anyone sending their address to the Publishers, 
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(Sanitary Plumbing:, Metal Work, etc.) 

EXTERNAL PLUMBING WORK. A Treatise on Lead 

Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised, Price 7s. Od. net. (Post 
free, 7s. lOd. home; 8s. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Hdition, 

Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. Price 7s. (kl. net. (l\)st free, 8s. home; Ss. (ul. 
abroad.) 


SANITARY PLUMBING AND DRAINAGE. By John 

W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price 
7s. (id. net. (Post free, 7s. lOd. borne; 8s. abroad.) 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp. Demy 8vo. 
Price 7s, (id. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Noh.man Brown, l^evised and 

Enlarged b’dition. Crown 8vo. 48 pp. Price 3s, net. (Post free, 
3s. 3d. home and abroad.) 


A HANDBOOK ON JAPANNING. For Ironware, Tinware, 
and Wood, etc. By William Norman Brown. Second ICdition. 
Crown 8vo. 70 pp. 13 Illustrations. Price 3s. (id. net. (Post free, 


3s. 9d. home ; 4s. abroad.) 

Contents. _ , ,,, ,, 

Introduction.- Rnniinj* Of Preparinf; the Surface to lie JapauneJ — 1 he lorst Sta^e i 
. ' . . .‘.... O' Ml- t.,valier without a Priniine. Japan tjround.s.-Whitc Japa 


moor Prepannf; oie surracc lo ne . ... . 

the j"iVamihri.”oT w<.od or of I.eatlier without a Priniinj;. Japan Oround.s.-VVhitc Japan 

' ' ounds—Scarlct Japan (irounJ -Kod Japan Ornund- Ftright I ale 

I. /\ /V.l... I — PiirnU* lirfHliltk -lihlCk 


(Imiinds- Uliic Jnnan (irouiuls— Scarlet Japan virounu -ixcu “7 

Ytllo« i.rot ncr t j , -Tortoisc-.shell (iround -Rainting Japan 

Wo r Van r « L Jan Work Japanning or Enamelling Metals.--- Jinamelling lted- 
1 ^ Large l^ieccs -Japanning Tin. such as lea-trays and Sm.ilar (.oods 

u ^ nifi Worit Fnamellinc: and Japanning: Stoves. — Apparatus used m 

--Knamellink ^ • Modern Japanninir and Enamelling: Stoves-Stoves Heated 

Japanning and for Japanning 

‘’'Hh’Ni^tt^irUcJuer W l>ignu-nts-!iiue I’ifi-ents-- YelUnv Rig^ 

with Natural Lacquer Pjamonts— .Methods of .Application— Modern Methods of 

menls-Green Figments -^^^ M p^„,hed 

Japanning and J J c or Compositions- 

TL ,.„,ishes -Mlack l>aints-Hlack Stains 


SHEET METAL WORKING. Cuttin.^, Punching, Bending, 

Folditw Pressing, Drawinj* and b:mlx)ssin}» Metals, with Machinery for 
sTtme By F. (iHOROi and A. ScnotmRT. Translated from 

Demy Svo. Kit) pages. 125 Drawings and llustrations - Imlding 

IS. PHce7jc^ct. ,.-«stf,cc.7s. l<W.h«,.K.; J .oud 


(Electric Wiring, etc.) 

THE DEVELOPMENT OP THE INCANDESCENT 
■pTTTOTRIC LAMP. By 0. Bash- Barham, A.M.I.h.E. 

rI 200 DP With Two Plates. Ten Tables and Twenty- 
S’vTfnu:t;atio“. net. (Cost fee, 5s. Id. home; 5s. 6d. 

abroad.) 
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WIRING CALCULATIONS FOR ELECTRIC LIGHT 
AND POWER INSTALLATIONS. A Practical Hand- 
book containing Wiring Tables, Rules, and b'crmulx* for the Use of 
Architects, Engineers, Mining Engineers, and Electricians, Wiring 
Contractors and W'i remen, etc. By G. W. Lum.mis Patkrson. Crown 
8vo. 9(1 pp. 35 Tables. Price 5s. net. (Post free, 5s. 3d. home; 
5s. (id. abroad.) 

Contents. 

Systems ot 1-lectrical Distribution Direct Current Wiring Calculations -r>ata Kehiting to 
Direct Current Motors -Data Relating to Direct Current Dynamos— Alternating Current 
Wiring Calculations— Alternating Current Motor Wiring Calculations Calculation of Alter- 
nating Current Exposed Wiring Circuits — Data Relating to .Alternating Current Motors— 
Insulation Resistance — Minimum Insulation Resistance ol Electric Light Insullation— 1 Lamp 
to l.iO Lamps— Particulars of Electrical Conductors— Approximate \\ iring Capacity of .Metal 
Conduits — Carrying Capacity of Cortductors in Ki Candle Power Lamps at Various Voltages 
and Efficiencies — Current Density in Conductors 100(1 Amperes per square inch. 

ELECTRIC WIRING AND FITTING. By Sydmt F. 

Walkku, R.N., .M.I.E.E., M.l.Min.H., A..M.Inst.C.E., etc., etc. Cnnvii 
8vo. 150 pp. With Illustrations and Tables, Price 5s. net. (Post 
free, 5s. 3d. lioine; 5s. (Sd. abroad.) 


(Brewing and Botanical.) 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OP COMMERCE. By A.NLEi. Gross. Translated 

from the German. Seventy-eight Illustrations. 340 pp. Demy 8vo. 
Price 10s. (nl. net, (I'ost free, 11s, home; 11s. (x1. abroad.) 

INSECTICIDES, FUNGICIDES, AND WEED KILLERS. 

By E. Boukcaht, D.Sc. Translated from the French. Revised and 
Adapted to British Standards and Practice. Demy 8vo. 450 pp. 83 
Tables and 12 Illustrations. Price r2s, (xl. net. (Post free, I3s. home ; 
13s. (id. abroad.) 

contents. 

Introduction.— Relative and Absolute Diseases— Etiology— Symbiosis - Therapeutics- 
Surgical Treatment — Chemical Treatment — Curative Treatment —Indispensable l^roperties of 
the Chemical Agents— Methods of Using Chemical Products in Treating the Diseases of Plants 
— Use of Chemical Agents in the Form of Powder — Use of Chemical Agents in the Liquid 
Form— Prophylaxy— Preventive Surgical 'Treatments Preventive Treatment by Means of 
Chemical Agents— Growth Stimulants— Nutrition— Exhaustion of the Soil— Choice of Species 
— Meteorological Inlluences United Efforts to Exterminate Injurious Insects, Fungi, and 
Weeds. Water, Hot and Cold-Submersion of I'ield, Forest, and Vineyard— Scalding. 
CHEMICAL AGENTS AND PRODUCTS EMPLOYED— Derivatives of Carbon (Carbon 
Compounds)- i. Products derived from the Fatty Series: I’etroleum (Burning Oil)— 
Petroleum Sprays — I’etroleum Oil and Soap Emulsions— Petroleum Spirit- Vaseline— Acetylene 
—Chloroform- Carbonic Oxide-Methyl Alcohol- Ethyl .Alcohol-Amylic Alcohol— Cilycerine 
(Tri-Hydric Alcohol)— Ether -Mercaptan— Formic Aldeliyde — Acetic Acid— Oxalic Acid— 
—Oils and Fats— Soaps— Hard Soap— Soft Soap— Whale Oil Soap— Fish Oil Soap— 2 . 
Products of the Aromatic Series; Bcnzol-Coal Tar-Wood Tar — Naphthalene-Ter- 
penes— Oleo Resins— Galipot— Turpentine— Rosins— Rosin Soaps— Rosin Emulsions— Metallic 
Rosinates— Copper Rosinatc— Camphor— Nitrobenzene— Carbolic Acid— Picric Acid— Cresol 
— " Sapocarbol " — Creosote — “ Creolines " — " Lysol ” — Potassium Dinitro-Cresylate 1 nymol 
—)3-Naphthol— Methyl Violet— Tobacco (Nicotine Tobacco Juice) — Quassia — Hellebore— 
Pyrethra— Delphinium (Larkspur)— Strychnine— Nux Vomica— Walnut Leaves— Glue— Cutch 
—Aloes— Glossary of the Principal Diseases of Plants and the Parasites which occa- 
sion them— Copious Index, includlntr the Names of Cultivated Plants and Diseases 
from which each Plant may suffer. 

{For Agricultural Chemistry, see />. lo.) 
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(Wood Products, Timber and Wood Waste.) 

WOOD PRODUCTS : DISTILLATES AND EXTRACTS. 

By P. Dumesny, Chemical Engineer, Expert before the Lyons Com- 
mercial Tribunal, Member of the International Association of Leather 
Chemists; and J. Noyer. Translated from the French by Donald 
Grant. Royal Svo. 320 pp. 103 Illustrations and Numerous Tables. 
Price 10s. (xl. net. (Post free, 11s. liome ; Hs. Od. abroad.) 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Chakpentihr. Royal Svo. -137 pp. 17S Illuslrations. Price 
12s. (xl. net. (Post free, I3s. home; 14s. abroad.) 

Contents. 

Physical and Chemical Properties of Timber— Composition of the Vc^jetuhlc Bodies 
- Chief r;iemenls -M. Fremy’s Researches— Idenientary Organs of Plants and especially of 
Forests— DilTerent Parts of Wood Anatomically and Chemically Considered— General I’ro- 
perties of Wood— Description of the Different Kinds of Wood— Principal F.ssences w ith 
Caducous Leaves— Coniferous Resinous Trees -Division ol the Useful Varieties of Timber 
in the Different Countries of the (ilobe— Kuropean Timber— African Timber— Asiatic 
Timber- American Timber— Timber of Oceania— Forests— General Notes as to I’orests ; tbeir 
Influence— Opinions as to Sylviculture— Improvement of Forests— Unwoodin^ and Re\voodin}i> 
"Preservation of Forests— Exploitation of Forests— L)amaj>e caused to Forests— Dilf'crcnt 
Alterations— The Preservation of Timber— Generalities Causes and Progress of De- 
terioration — History of DilTerent Proposed Processes— Dessication— Superficial Carbonisation 
of Timber — Processes by Immersion — Generalities as t«) Antiseptics Hinployeil — Injection 
Processes in Closed Vessels -The Boueberie System, Based upon the Displacement of the 
Sap— Processes for Makinj; Timber Uninflammable -Applications of Timber— Generalities 
— Working Timber— Pavin>< -Timber for Mines Railway Traverses- Accessory I’rodiicts — 
Gums— Works of M. Fremy ■'•Resins -Barks— Tan —Application of Cork --The Application of 
Wood to Art and Dyeinj<— DilTerent Applications of Wood -Hard Wood-~I)istillation of 
Wood— PyrolijjneoLis Acid — Oil of Wood — Distillation of Resins— Index. 

THE UTILISATION OF WOOD WASTE, rranslutcd from 
the German of Ernst Hubbard. Crown Svo. 192 pp. Fifty Illustra- 
tions. Price Ss. net. (Post tree, 3s. 4tl. home; 3s. (xl, abroaii.) 

(SiC (ilso VtilhaHou of IFus/r Proiliiiis, f>. ().) 

(Building and Architecture.) 

ORNAMENTAL CEMENT WORK. By Oliver Wheatley. 

Demy Svo. 83 Illustrations. 128 pp. Price 3s. net. (Post free, 
5s. 4tl. home; 3s. Gd. abroad.) 

Contents. 

Introduction— Chapters L, Workshop— II., Plain Work -III., Teclinique--1 V., Choice of 
Ornaments— V., Extended Uses. 

THE PREVENTION OF DAMPNESS IN BUILDINGS; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the Second Revised Edition by M. J. Salter, F.I.C., 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown Svo. 
115 pp. Price 5s. net. (Post free, 5s. 3d. home ; 3s. 4d. abroad.) 

HANDBOOK OP TECHNICAL TERMS USED IN ARCHI- 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Augustine C. Passmore. 

Demy Svo. 580 pp. ' Price 7s. Gd. net. (Post free, 8s. home; 8s. 6d. 
abroad.) 
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(Foods, Drugs and Sweetmeats.) 

FOOD AND DRUGS. By E. J. Parky, B.Sc., F.C.S. 

Volume I. The Analysis ot Food and l)ru<;s (CJ^cmical and Micro- 
scopical). Royal 8v(). 724 pp. Price '2 Is. net. (Post free, 21s. (id. 
homo; 22s. (id. British Colonies; 28s. 8d. other I'orei^ii Countries.) 
Volume II. The Sale of Food and Drills Acts, 1S7.S-19()7. Royal Svo. 
184 pp. Price 7s. (id. net. (Post free, 7s. lOd. home; 8s. abroad.) , 
Contents of Volume I. 

Tea, Coena and Clccolate, Cailfeex .Milk, Cheese, Ikitler, l.ard, Suet, Olive Oil -The Car- 
bohydrate I'oocls -The Starches and Starchy I'oods- -Spices, Flavouring; Hssenccs, etc. - 
Alcdlutlic lievcra^es l-Iosh Fonds — .Microscopical Analysis — Oruj’s containing .Ailkaloids, etc . 
— Drills (cenerally) The Fssential Oilsof the British Fhannacopoha Fatty ()ils, Waxes, and 
Soaps of the British l'harniacop<eia -The Chemicals of the Itritish Pharmacopicia. 

Contents of Volume II. 

The Sale of Food and Dru^s Act, 1S7 .t -Dcscriplion of Oitences— Appointment and Duties 
of Analysts, and Proceedings to obtain .\nulysis -Procccdinits against Otfenders Expenses of 
excculiniLi the Act The Sale of F'ood and Dru^ts Amendment .Act, lS7i) — The Sale of b'ood 
and Drug's Acts, ISiD 'I'he .Margarine Act, IS87- The Butter and iNiar>>arine .Act, li)07. 

THE MANUFACTURE OF PRESERVED FOODS AND 
SWEETMEATS. By A. Hacs.ner. With Twenty-eight 

Illustrations. Translated from the German of the third enlarged 
Edition. Second English l-Alitioii. Crown Svo. 225 pp. Price 7s. (3d. 
net. (Post free, 7s. 9d. home; 7s. lOd. abroad.) 

Contents. 

The Manutacture of Conserves - Introduction -The Causes of the l^ulrefaction of Food 
—The Chemical Composition of loiods— The Products of Decomposition— The Causes of Fer- 
mentation and Putrefaction Preserv.ati\c Bodies— The Various Methods of Preserving* Food 
—The Preservation of Animal F'ood— Preservinj* .Meat by Means of Ice-- The Preservation 
of Meal by Charcoal— Preservation of Meat by Drying* The Preservation of Meat by the 
Exclusion of Air— Tlic Appert Method— I’rcscrvin}* Flcsli by Smoking;— Quick Smoking - Pre- 
serving Meat with Salt — Quick Salt in}* by Air Pri;ssiire— Quick Salting; by laquid Pressure — 
(jam^jee’s Method of Preserving; .Meat -The Preservation of En^'s— i'reservation of White 
and Yolk of F.^jf* Milk Preservation - Condensed Milk - The Preservation of Fat — Manu- 
facture of Soup Tablets — Meat Biscuits Extract of lieef — The Preservation of Vej*etable 
Foods in Ceneral — Compressing Vcj*etables— Preservation of Vej'etables by Appert’s Method 
—The Preservation of Fruit Preservation of Fruit by Stora>;e— The Preservation of Fruit 
by Drying— Drying* Fruit by Artificial Heat — Roasting; Fruit— The Preservation of Fruit with 
Su^ar— Boiled Preserved Fruit— The Preservation of Fruit in Spirit, Acetic Acid or Glycerine 
—Preservation of Fruit without lioilinj* Jam .Manufacture— Tlic Manufacture of Fruit 
Jellies— The Making* of Gelatine Jellies— The Manufacture of “ Sul/en The Preservation of 
Fermented Beverafjes— The Manufacture of Candies -Introduction -The Manufacture of 
Candied Fruit The Manufacture of ifoiled Sujjar and Caramel— The CanJyinj* of Fruit- 
Caramelised Fruit— The Manufacture of Sugar Sticks, or Barley Sugar— Bonbon Making- 
Fruit Drops -The Manufacture of Dragees — The Machinery and Appliances used in Candy 
Manufacture — Dyeing Candies and Bonbons — Essential Oils used in Candy Making— Fruit 
Essences -The Manufacture of Hilled FAonbons, Liqueur Bonbons and Stamped Lozenges— 
Recipes for Jams and Jellies— Recipes for Bonbon Making—Drag^es— Appendix— Index 

RECIPES FOR THE PRESERVING OF FRUIT, VEGE- 
TABLES AND MEAT. By R. Wagner. Translated 

from the German. Crown Svo. 125 pp. With 14 Illustrations. Price 
5s. net, (Post free, .5s, Stl. home; 5s. 4d. abroad.) 

(Dyeing Fancy Goods.) 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OP 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D, H, Soxhlet, 
Technical Chemist. Crown Svo. 168 pp. Price Ss. net. (Post five, 
5s. 3d. home ; 5s. 4d. abroad.) 
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(Celluloid.) 

CELLULOID : Its Raw Material, Manufacture, Properties and 
Uses. A Haiulboolv for Manufacturers of Celluloid and Celluloid 
Articles, and all Industries usinj* Celluloid; also for Dentists and 
Teeth Specialists. By Dr. Ur. Bockmann, Technical Chemist. Trans- 
lated from the Third Revised ('icrman Edition. Crown Svo. l‘i() pp. 
With 49 Illustrations. Price -Ss. net. (Post free. os. Md. home; .ss. 4d. 
abroad.) 

Contents. 

Chapters I., Raw Materials tor the Manufacture of Celluloid = 

-Gun-cotton-Properties of Gun-cotton Specul (.un-cottons tor Ceili oul Manuf. clmu^ 
Nitntinu Centrii'uialisers-Collodion Wool-.Methods of l‘reparuin Collodion Wool— Cam- 
Xr~--)apancse (Formosa) Camphor, Ordinary Camphor -Uornco ^ I] 

^unvitra C imohor Camphol, Haros Camphor) Properties of Camphor— ArtihcMl C.i nphoi 

islifSifiiliili 

(Lithography, Printing and Engraving.) 

ART OF LITHOGRAPHY. I5y H. .1. K'h..i>i;s. Uc’iiiy 8 vo. 
U4 PMUCS, 140 lllustr;.lu.ns, 2 I-oU...K I’Utcs. O.pic.us c„ml„nal 
ImU and GInssai y. Price lOs. W. .ret, (Pnst l.ee, I Is. home , I Is. .0. 
abroad.) 

PRINTERS' AND STATIONERS READY RECKONER 
AND COMPENDIUM. Compiled by Victoh Gkahah. 

CroevnSTO. 112 pp. 1904. Price Us. lU. net (1-ost iree, Us. 9d. home ; 
ds. lOd. abroad.) 

Contents. 

Pnee „1 Paper per Sheer. Quire Reaj and >-1;^- ,^1)“ 

Ca“.,’."c.-So';»'’o;; Ku-^fBcSota-Dlf a?. rables-Sires of space, - Leads .0 a lb.- 
Dictionary— Measure for Bookwork— Correcting Proo s, e 

ENGRAVING FOR ILLUSTRATION. HISTORICAL 
^ AND PRACTICAL NOTES. By J. 

Two Plates and 6 Illustrations. Crown Svo. I nee 2s. . . ( 

free, 2s. 9d. home; 2s. lOd. abroad.) 

{For Printing Inks, see p. 3 ) 

(Bookbinding.) 

net. (Post free, 5s. 4d. home; 5s. hd. abroad.) 
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(Sugar Refining.) 

THE TECHNOLOGY OF SUGAR : Practical Treatise on 

the Modern Methods of Manufuctiirc of Sugar from the Sugar Cane and 
Sugar Beet. I^y John Gkddks McIntosh. Third Revised and 
Enlarged Edition. Dehiy Svo. Fully Illustrated. 

\ .\r7i> lull lion in ilu’ jn't ss. 

{St'i' “ Eval'oyalin;^\ Condensin':^, etc., Api'amtusE ('. 25 .) 


(Emery.) 

EMERY AND THE EMERY INDUSTRY. Translated' 

from the German of A. Haf.nio. Crown 8 vo. 45 Illustrations. 1 10 pp. 
Price 5s. net. (Post free, 5s. dd. home; 5s. Od. abroad.) 

Contents. 

Abrasive Materials.— Natural .Abrasive Materials -Umery ■ Curuntliim— Tlie AruHcial 
Alirasivi's; Carlinriinduni, Acheron’s Carborumium l-'iirnacc Kqiii['nicnt and Operation of 
Carborundum Works, FuriHcation and I’roperlios of Carborundum, Output of Carborundum 
—Artificial Corundum— Crushed Steel- Kleotrite. Hmery and Grinding; Discs. --The Pr^ 
paration of Discs and Hmery Wheels — The liinding .Medium Hardness and Crain — Peri- 
pheral Velocity Hardness of the .Abrasive Material The .Manulaeture of Hmery Discs, etc. 

— Varieties and Shapes of Hmery Discs — Wheels and Cylinders — Hxi>eriments on the Stability 
and Capacity of Hmery Wlieels— Poinl.s on the Use of (irinding Discs The Further Treat- 
ment of Grinding Discs Mounting the Discs— Cruards- Results of Bursting d'ests— Dust 
Exhauster— Rougliing ayd Truemg the Grinding Discs. Grinding; Machines.- Introductory. 
—Principal Tjpesof Grinding Machines — Tool Grinding .Machines— Knife tPinding Machines 
—Saw-Sharpening Machines .Machines for (irinding Flat Surfaces SpecialTypes of Grind- 
ing iMachines- -Circular Grinding— Universal Tool Grinding .Machines— Working Results 
Obtained in Practical Grinding. 
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CLASSIFIED GUIDE TO TECHNICAL AND COM- 
MERCIAL BOOlSS, Compiled by P2 dgar Grri^nwood. 
Demy Svo. 224 pp. U)()4. Being ;i Suhjcet-list of the Pt'incipal 
British and Ameriean Books in print ; giving Title, Author, Size, Date, 
Publisher and Price. Price .5s. net. (Post free, 5s. 4d. home; 5s. (id. 
abroad.) 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing particulars of nearly 1,000 Techni- 
cal, Commercial and Art Schools throughout the United Kingdom, 
With full particulars of the courses of instruction, names of principals, 
secretaries, etc. Demy Svo. 150 pp. Price Ss. (id. net. (Post free, 
Ss. lOd. home; 4s. abroad.) 
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